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j i s s  were undertaken to  ob ta in  n c r r  i r f c - r r a t i c n  .aLcut
th e  r x l e  c f  the  c v ic u c t i r  n c i i i a l  ccws end i t s  c o n t r i b u t i o n  to  
i n f e r t i l i t y  in  rep ea t b re e d e r  cows. The i n v e s t i g a t i o n s  in v o lv e s  
exam ination o f  slaughterhouse m a te r ia l and th e  e v a lu a t io n  o f  c l i n i c s  
t e s t s  f o r  c v ic u c t  r a t e n c y ,
I n i t i a l  s tu d ie s , u s i n g  f lu id  and a o a r t i c l e  suspension to  
dem onstrate the  d e t a i l s  o f  pa tency  r-^ th e  oviducts  r f  cow and h e i fe r  
g e n ita l  t r a c t s ,  suggested tha n  a e re :  e r r  ion  cl" o v id u c ts  e f i c h  
p rc v e c  p a ten t t c  th e  f lu id  rmre b lc n h r r  to  the  pessaro  c f  p a r t ic le s .  
I n  th e  l i v e  a n im a l,  a r r o i f  i  cd f c r r  c f  t r r  rhenclsu lphcr !ith o li.i"  ty n  
t e s t  was e vo lved  wh ich  proved a c c u ra te  in  diagnosing u n i la te r a l  end 
b i l a t e r a l  o c c lu s io n  o f  th e  o v id u c ts .  rc w e v c r  t h i s  t e s t  coulc net 
be used to  diagnose p a r t ia l  o c c lu s io n  o r  n a r ro w in g  o f  L.he cv ic u c rs .
The use c f  s u p e ro v u lc e ic n ,  using cregnant r are  serum 
g o n a d o t ro p h in ,  and n c r v s u r p ic a l  embryo re c o v e r /  v/as stud ied  as a rea  
c f  a s s e s s i n g  o v id u c t  f u n c t i o n .  T o e  ra rh c d  v a r i a t i o n  in  response 
t o  th e  s u r e r c v u la t c r y  c ru  y in  in d iv io u a l cows v/as a l im it in g  f a c t o r  
in  t h i s  t c c n r ’lGuov The eggs c o l le c t e d  were examined f o r  n o r m a l i t y  
u s in g  th e  l i g h t  m ic ro c c e re  and p re lim in a ry  s tu d ie s  in  p re p ara tio n  
and r e s u l t s  o f  the  use c f  the s c a n n i n g  e le c tro n  m icroscope  are  
d e s c r i t s d .

1.1 " INTRODUCTION
The oviducts  p la y  an e s c e n t ia l  r c l e  in  e n s u r in g  c o n c e c t ic n  
and i n  th e  e a r l y  s u r v i v a l  o f th e  erfcryG. Many d e t a i l s  o f  th e  
p c r io v u ls to ry  p e r io d  in  th e  cow have now been e lu c id a te d , The marked 
b e h a v io u ra l  changes c o n s t itu t in g  p ro c e s t ru s  and oestrus ( I d I l i e r r s o n ,  
M o r r i s ,  B lood , Cannon and W r ig h t ,  1972) o c c u r  cnco e ve ry  15-25 days 
[E rb ,  Ehlejcs and M orrison, 1958). Oestrus comprises a v a r ia b le  
p e r io d  rep o rted  as b r in g  on average 14,9  hours d u ra tio n  when th e  co,-/ 
s ta n d s  to  be mounted (Ess lem cn t and D ryant, 1976). At n a tu ra l m ating  
semen i s  deposited i n ' t h e  a n te r io r  vagina and pools a t  th e  e x te r n a l  
05 o f  th e  c e r v i x  (S a lis b u ry , Van Demark and Ledge, 1975 ). I t  is  
e s t im a te d  t h a t  sperm rray e n t e r  th e  c e r v ix  w i t i i i n  1-2  minutes o f  
m a t in g  (M a ttn s r, 1956) . The c e r v ix  i s  th c u g h t  t o  be th e  r a in  
s to rag s  r e s e r v o i r  f o r  sperm a f t e r  c o i t u s ,  c e r t a i n l y  w ith in  the f i r s t  
24 hours  (M a t tn s r ,  1968; T h ib a u l t ,  1972 ). The com position c f  
c e r v ic a l  mucus i s  e x t r c r o l y  im p o r te n t  in  r e la t io n  to  sperm s to rag e . 
A f t e r  e ja c u la t i o n  th e  spErm swim between the; m ic e l l e s  c f  mucus w h ich  
a re  o r ie n ta te d  t o  th e  vag ina  in  flo w  l i n e s ,  and are thus gu ided  t o  
t h e  c e r v i c a l  c i y p t s  (M a t tn e r ,  I96 0 ; Gibbons, 1965), A ltho u gh  th e  
c e r v i x  comprises a re s e rv o ir  f o r  sperm, seme workers have suggested  
th a t  sp e n r  t r a n s p o r t  i s  ra p id  enough t o  enable se re  spermatozca t o  
reach the  o v id u c t  am pu lla  w i t h i n  21-3  minutes c f  r a t i n g  (Van Demark 
and Hays, 1954).
The numbers o f  sperm p ro g re s s iv e ly  decrease  es they  move 
upwards to  th e  s i t e  o f  f e r t i l i s a t i o n  i n  th e  o v id u c t  There  i s
approxim ately  a lO C -fo ld  red u ctio n  in  nuTbers d u r in g  t h e i r  passage 
th ix iu g h  th e  c e rv ix  w i t h  a s i m i l a r  re d u c t io n  a t th e  u te ro tu b a l j u n c t i o n  
and is thm us o f  th e  o v id u ct. T h is  re s u lts  i n  o n ly  a t i n y  percentage
o f  th e  o r i g i n a l  e ja c u la te  re a c h in g  th e  f e r t i l i s a t i o n  s i t e  (T h ib a u lt ,  
1 9 7 3 ] ,  C uring  th e  passage c f  th e  spermatozoa through th e  u te r o tu b a l  
j u n c t i o n ,  th e  se m in a l plasma i s  re ro v e d ,  and i t  has been suggested  r: ia ; 
t h e  u te ro tu b a l ju n c tio n  works s e l e c t i v e l y  to  h e ld  back r o n - v ia b le  
spermatozoa i n  n a r r a is  (Cohen, 1 9 1 7 ,  Cohen and rc k a u g h to n ,  1974). 
There i s  evidence from work i n  r a b b i t s  t h a t  th e  so erra tc za a  are then  
s to re d  i n  the  is th m u s  o f  the  o v id u c t. From th e re  th e y  a re  ra la a s  
to  the f e r t i l i s a t i o n  s i t e  a f t e r  o v u la t io n .  R e c e n t ly  s t .v e ra l  w c rh e ir  
have suggested t h a t  th e  f o l l i c u l a r  " l u id  p la y s  o p a r t  in  th e  re le a u c  
o f  sperm f r o m  th e  i s t h r  us (H arper, 1972; O v e rs t re e t  and Cooper, 1 9 7 2 )
C a p o c i t c t io n  must ta ke  p la ce  p r i o r  to  th e  sperm b e ing  cepo r  1; 
o f  f e r t i l i s i n g  th e  ovum ( A u s t in ,  1 9 5 1 ;  Chang, 1951), A lthough  
d e t a i l s  o f th e  e x a c t  mechanism have r o t  been e lu c id a te d ,  c a p a c i t s i i c n  
has been d e f in e d  as a p h y s io lo g ic a l charge cccu rrin g  i n  the sperm 
d u r in g  re s id e n c e  in  the  uterus and o v id u c ts .  These changes ere  
r e f l e c t e d  i n  increased r o t i l i t y  c f  th e  sceim end in  t h e i r  a b i l i z y  
to  re le a s e  enzymes from  th e  aoreserne (H unter, 1 9 5 3 ) .  In  s ev e ra l 
ro d e n ts  and men th e  same changes can be produced by in  v it r o  c u l t u r e  
systems (Yanagirnachi and Chang, 1 9 5 3 ,  1 9 5 4 ;  Edwards, B te r to e  end 
Purdy, 1 9 7 0 ) .  I t  has been e s t im a te d  t h a t  spermatozoa r e q u i r e  a 
p e r io d  o f  5 -6  hours i n  th e  b ov in e  g e n i t a l  t r a c t  b efo re  th e y  are  
ca p a b le  o f  f e r t i l i s a t i o n  (T r irn b e rg e r ,  1946).
To ensure  f e r t i l i s a t i o n ,  m a t in g ,  t r  s t r a n s p o r t  o -  sperm 
and c a p a c i t a t i o n  must be in te g ra te d  w i t h  th e  t im e  o f o v u la tio n .
O v u la t io n  i n  th e  cow occurs a p p ro x im a te ly  24 hours a f t e r  
t h e  onse t o f  b eh av io u ra l o e s t ru s  (H e n r ic k s ,  C ickey  and k isw o n de r ,
1970; Scharrs, E c h a lle n te rg o r, hoffman and Karg, 1S77). T herefo re  
f o l l o w i n g  n a t u r a l  m a t in g ,  sperm, are a lre a d y  p re s e n t  i n  th e  o v id u c t  
when the egg i s  shed.
Many o f th e  d e t a i l s  o f  th e  en d o c rin o lo g ic a l c o n t r o l  mechanionr 
g o v e rn in g  and i n i t i a t i n g  th e  m o rp h o lo g ic a l  and b eh av io u ra l changes 
around the  t i r e  o f o v u la t io n  have been e lu c id a te d .
Two to  3 cays p r i o r  to  th e  cow e x h ib it in g  c e s t r u s  plasma 
pro g estero n e , producsd  by the corpus lutou'Tg d ec lin es  p re c ip ito u s ly  
[ L a m in g ;  Mafs and Manns, 1975). T h is  i s  cue t o  the re Ic  as e c ' '  a 
l u t e o l y t i c  substance from  the  uterus ca us ing  reg ress io n  c f  th e  c c rg rs
lu t e u n .  P ro s ta g la n d in  has been st'cwn to  be the lu ts o lv t icZ a
a g e n t  i n  th e  ewe ( fc a re m u z z i  and L a i r d ,  1975) and i s  suggested  es t r c  
lu t e o ly t ic  agent i n  th e  cow [F a irc lo u g h , f r i t h  and McGowan, 1961), 
T h e re a fte r  c ir c u la t in g  c o n c e n t r a t io n s  o f  progEctercne remain b a s a l ,  
u n t i l  th e  subsequent corpus l u t  cum comrencss synthes is  o f progesterc'cc  
(P d fs  end A rc s t ro n g ,  19GB),
A g a in s t  t h i s  background, f o l l i c u l a r  doveloprent cu lm inating  
i n  ttiB presence  c f  e mature p re o v u la to r y  f o l l i c l e  occurs. A ltho u g h  
R e ja k o s k i  CIGGO) re p o rts  2 waves o f  f o l l i c u l a r  growth d u r in g  th e  
oestru s  c y c le ,  e th e r  workers d is a g re e ,  Donaldson and Hansel (1955 ),  
u s in g  endoscopy, f a i l e d  to  d i s t i n g u is h  any p a t te r n s  o f  f o l l i c u l a r  
growth and fu r th e rm o re  s ta te d  t h a t  on day IB o f th e  oestrous c y c le , 
t h e  f o l l i c l e  d estin ed  t o  o vu la te  could n o t  be id e n t i f ie d .  Associated  
w i t h  t h i s  f o l l i c u l a r  development, oes trogens  are  s e c re te d  and r i s e  ,
i n  th e  p e r ip h e ra l blood [G lencross, Munro, S e n io r  and Pope, 1973; 
Dcbson and Dean, 1974) and .reach ceak c o n c e n t ra t io n s  c lo s e ly  
p re c e d in g  o e s t ru s .  The a b i l i t y  c f  oes trogens  to  induce th e  
b e h av io u ra l changes t y p i f y i n g  p ro o e s t ru s  and o e s t ru s  has been 
dem onstrated (hassan and K ing , 1961).
1 ho e f f e c t s  o f g o n a c c tro p h in s  i n  s t im u la t in g ,  th e  growth c i  
f o l l i c l e s  are w e ll  e s tab lis h ed  ( Ia c k e t t  and hafs , 1969; Hansel and 
Snook, 1 3 7 0 ], A lthough  a s l i g h t  increase i n  l u t e i n i s i n g  h o m e ne 
(LH) occurs d u r in g  th e  n r e c v u la t e r /  p erio d , the c h a r a c te r is t ic  o f  
t h i s  hormone i s  i t s  d i s t i n c t  p reo vu la to ry  surrre , a s s o c ia te d  w: th  the  
peak in  c i r c u l a t i n g  c s s t rc g s n s  (C hcneu lt, Thatcher, K a lra , Ahrare 
and W i lc o x ,  1975; Lerrcn, P e l le t ie r ,  Paurancp and S i r n o ï r t ,  1975), 
C o in c id e n t  w i t h  t h is  i s  a peak in  " c i l i c l c  s t im u la t i n g  r o r ro n s  (F iH ) 
(Dcbson, 1978). Many o f  the d e ta ils  o f  the h y p c th a la r f c  c o n tro l 
c f  gonadotrophin re le a s e ,  by th e  a c tio n  c f  m a te r ia ls  f r c r  th e  
hypo tha lam us on th e  p i t u i t a r y ,  have been dpte im dned. LH has teen  
shov/n t o  be th e  o v u la to ry  horrcnc i n  the  cow (h a nse l and Pncok, 1973) 
w ith  th e  i n t e r v a l  hetween th e  LH peak and o v u la t io n  a p p ro x im a te ly  
24 l iou rs  (C h cn a u lt  e t  e l ,  1975; Schers s t e l ,  1977), However, th e  
a c t  o f  r a t i n g  i s  kncwn t o  cause o v u la tio n  t o  occur e a r l i e r ,  than i n  
an i ir-a ls  w h ich  e re  n o t  r a te d  (M arion , Pm ith , W i le y  and E a r r a t t ,  1553),
The h ig h  le v e ls  o f  ce s trcge n e  found in  l a t e  p re o e s t ru s  
have an e f f e c t  on th e  t u b u la r  g e n i t a l  t r a c t .  Increased g la n d u la r  
s e c r e t i o n  occurs i n  th e  c e rv ix , w i th  a change in  th e  amount end 
n a tu re  o f  th e  mucus ( H e r r ic k ,  1551; G lover, 1563; L i n fo r d ,  1274). 
C u r in g  p re o e s t ru s  end a t  o e s t ru s  the  c e r v i c a l  mucus becomes s t r i n g y  
and c le a r ,  and th e  chanme in  n o r e h c lo g ic a l  ' f e r e '  c a t t e r n s  seen
on srnsars o f  o e s t re u s  mucus i n  worren allov.'s th e  f o l l i c u l a r  phase t c  
be i d e n t i f i e d  (Ro land, 1352}. Oestrcjgens a ls o  hcve an e f f e c t  on the  
u te ru s . There i s  a narked increase  i n  th e  v a s c u l a r i t y  end ccderra 
o f  t h e  e n d c rG t r iu n  (Hansel and A s d s l l ,  1951; M arincv and L o v e l l ,
1966; h a c k c t t  and H a fs , 1963), Associated w i t h  o e stru s , an increase  
i n  th e  spontaneous c o n t r a c t i l i t y  o f  th e  ry o m e tr iu m  has been recorded» 
C es trogens  a d m in is te re d  t o  ovariectom iscd c g v .;s  have tsen  shown t o  
in c re aoG  u te r in e  r u t i l i t y  (Hays and Van D c re rk ,  1352a). The a c t  o f  
m a t in g  appears t o  supp lem ent tn o se  inc reases , w ith  a p o s tu la te d  r o le  
f o r  oxytocin  re lease  (Hays and \'an D erark , 1952c),
O vu la tio n  occurs approxim ately  10 t o  12 hours f o l l o w in g  th e  
end o f benav icuro l cestrus  (C hris tenson, Echterrke-vn and L e s te r ,  1375). 
The e x a c t  mecr.anism o v u la tio n  i s  n o t  y u t  known. I n  the  l a s t  few  
ho u rs  before  o v u l o t i c n ,  th e  o v u la to ry  f o l l i c l e  rrarkodly in o rc a s s s  in  
d ia m e te r ,  due to  an increase in  th s  a c cum u la t io n  o f  e n t r a i  f l u i d .
There  is  a r e d u c t io n  i n  f o l l i c u l a r  p re s s u re ,  A, 'w e a k e n in g ' o f  th e  
th s c a  e x te rn a  i s  produced by an enzyr'g, th o u g h t  to  be s e c re te d  by 
t h e  g ra n u lo s a  c r  th s c a  i n t e r n a  c e l l s ,  An apertu re , i s  thus produced 
and th e  f o l l i c u l a r  f l u i d  s lc w ly  emerges f rom  t h i s  p e in t .  The egg, 
whon re le a s e d ,  i s  surrounded by th e  cumulus c e l l s ,  but a lre a d y  
s e p a r a t io n  o f  t h e  egg frem, the  cumulus i s  b e g in n in g  IP e d ir ia n  and Baker, 
1975; H i l l e r  and Cam pbell,  1576; H u n te r ,  1952), Fo llow ing  o v u la t io n ,  
a b lo o d  c l o t  forma in s id e  th e  f o l l i c u l a r  c a v i t y  due t o  haemorrhage 
o f  th e  c a p i l l a r i e s  i n  the  t h e c a l  w e ll .  T h is  s t ru c tu re -  i s  th.e co re  us 
haerrorrhag icum . L u t e in i s a t i c n  o f  th e  f o l l i c u l a r  w e l l  occurs. F u r th e r  
development and m atu ra tio n  o f  th e  l u t e a l  t is s u e  depends cn c o n t in u in g  ■ 
low le v e ls  o f LH, The corpus  haerron tiag icum  becomes ye llo w
in  c o lo u r ,  and i s  c a l l e d  th e  corpus lu te u r i .  11 lO corpus luteum be ce res 
a s e c r e to r y  gland, p ro d u c in g  p ro g e s té ro n e  which i s  re le a s e d  i n t o  the  
c i r c u l a t i n g  b lo od  (H ansel, 1366; Hafs and Arrrctr-cng, 1966; f.ansel 
Concannon and Lukaazewska, 1373),
Around 4 to  6 days a f t e r  c es tru s , oregcstcrons f i r s t  incrc-.s ;: :  
s i g n i f i c a n t l y  i n  t i i c  p e r ip h e ra l plasma (Lam : ng c t  a l ,  1975; Set,arc cc 
a 1, 1377). The corpus l u t  c u r  then  reach, cs f u l l  f u n c t i o n a l  s ta tu s  an. 
approxim ate ly  day 10 o f  th e  oentrous c y c le . D u r in g  t h i s  period  a 
t r a n s i e n t  in c re a s e  in  p ls n ra  o e s trog e ns  tins been rep o rtée  (Dler.cre& a , 
H unre , D enier end Pore, 1373). 1 lie s i r r . i f i c a n c R  o f  t h i s  i s  n e t  c le a r .
Under th e  in flu e n c e  o f  p re g e s tc r re e ,  tire ai.im al i s  p re ven ted  f r c r  
show ing  CCSt ro u s  b e h a v io u r ,  end changes in  th e  t u b u la r  g e n ita l t r a c t  
o c c u r  (Hobson and H anse l, 1572). The cn c re 'e i. r iu r i  e n la rg e s  end th e  
u t e r i n e  glands in c re a s e  i n  d ep t ' i  and in  t h e i r  d eg rcc  c f  c o ilin g  (A sdcll 
de A lba  and R o berts , 1949; l ie c k e t t  end H a fs , 1369). The m o t i l i t y  o f  
t h e  uterus decreases as progesterone has a c u is s c e n t  e f f e c t  cn t i ie  
response  c f  the u te r u s  to  custrcpono and oxytocin  (Hays and Van 
D e ra rk ,  1553b). The com position c f  the  c e r v i c a l  r r c u s  altc i^s , 
becoming th ic k e n e d  and r&cuced in  volume (Poyc, Gibbons and Tasker,  
1 9 7 2 ).
Although f o l l i c u l a r  development can cccur in  th e  presence 
o f  e le v a ted  l e v e ls  o f  propesternne, f i n a l  f o l l i c u l a r  devc lccm cn t i s  
prevented  due t o  th e  b lo c k in g  e f f e c t  o f p rc jgcs te rene  on the  re le a s e  
o f  la rg o  amounts o f  p i t u i t a r y  LH (Hobson and H anse l,  1972),
To summarise, the  e s ta b l is h m e n t  o f  a pregnancy r e q u i r e s  a 
s e r ie s  o f  e ven ts  wh ich  in v o lv e  changes i n  c e n t re s  s i t u a t e d  throughout 
t h e  fem a le  body. Hot le a s t  o f  tho se  areas a re  th e  o v id u cts .
1,2 -  Hj SÏGiRICAL RbVItlv OF 1 GVIDliCT
Although th e  p resence o f  th e  utcruc and o v id u c ts  was known 
t o  a n a to m is ts  in  a n t i c u i t y ,  th e y  were g e n e ra lly  considered i n i t i a l l y  
t o  be one oi-gan. L a te r  th e y  were described as s c n in o l  ducts a r is in g  
f r o m  th e  fem ale  t e s t i s  (Ocranus, 1694), The idea cF the  oviducts  
b e in g  d uc ts  f o r  th e  passage o f fem a le  serran was accepted f o r  many 
y e a rs , However i n  1561, G a b r ie l  F a l lo p iu s  d e s c r ib e d  th e  o v id u c ts  
o r  'passageways f o r  th e  fem ale  scmsn' as 's le n d e r  and narrow s e r in a  1 
passages a r is e s  from th e  u te r i n e  horn . . . . .  beereas g rs c u a J ly
b ro ad er and c u rls  l i k e  th e  t e n d r i l s  o f a v in e  u n t i l  n e a r  the end 
when th e  t s n d r i l - l i k c  c u rls  spread o u t and i t  te rm in ates  i n  a v e ry  
broad e n d in g ,' The a u th o r  also  described the f in b r ia  c f  th e  cviduce  
as ' t h i s  end ing  i s  q u ite  shredded and worn as i f  i t  were th e  f r in g e  c f  
a v/orn piece c f  c lo t h . ' The oviducts were new known t o  be separate  
e n t i t i e s  f re m  the u te ru s  a l th o u g h  s t i l l  connected t o  i t .  Hrwever 
c o n fu s io n  s t i l l  re ig n e d  as to  t l i e i r  fu n c tio n . In  1521, F a b r ic iu s  
d e s c r ib e d ,  i n  th e  hen, t f ie  r o l e  o f  the c v ic u c t  i n  th e  p ro d u c t io n  c f  th e  
Egg although h is  o b s e rv a t io n s  v.'era not, a t  t h a t  t i t r e ,  u n i v e r s a l l y  
accepted . In  1C5B, Johsnn is  van Horne, put fonvard  th e  su g g e s t io n  
t h a t  th e  o v id u c ts  may be th e  means by which the ovum i s  c a r r ie d  t o  tne  
u te ru s  in  th e  marnrel. Four yea rs  la t e r  do G ra a f d e s c r ib e d  and 
d e f in e d  th e  o v a r ia n  f o l l i c l e  (ds G ro a f,  1672), At t h i s  tim e t h e re  v/as 
s t i l l  d is s e n t  o v e r  th e  r o le  o f  th e  oviduct i n  the  tra n s p o rta tio n  o f 
t h e  ovum» However tow ards th e  end o f  the 17th c e n tu ry ,  Huck c a rr ie d  
o u t  an Experim en t i n  w h ich  he l i g a t e d  th e  u te r i n e  horn  o f  a dog 3 cays 
a f t e r  co itu s  and 20 days l a t e r  Discovered 2 fo e tu s e s  above th e  
l i g a t u r e  ( l iuck ,  1591). He assumed t h a t  the 2 foe tuses  had come frcm
th s  'fecundated  ova' p re s e n t  i n  th e  ova ry  and th e y  had th e re fo re  
t r a v e l l e d  down th e  le n g th  o f the  o v id u c t .  By th e  l o t h  century r e s t  
w o rk e rs  had accep ted  th e  th e o ry  t h a t  th e  o v id u c t  was th e  means by 
w h ic h  thiG ovum passed to  th e  u te ru s ,  a l th o u g h  th e r e  was serre 
confusion as to  hew t h i s  occurred s ince th e  o va ry  was a n a to m ic a l ly  
sep a ra te  from  th e  o v id u c t. A t th e  end o f t l ie  16th cen tu ry , 
C ru ik s h a n k  re co ve re d  b la s to cy s ts  f ro m  th e  ra b b it  o v id u c t  3 days c c s t-  
c o i t u s  end observed t l i a t  th e  nunder o f  b la s to c y s t s  was equal t c  th e  
number o f c o n :o re  lu te a  present i n  the o varies  (C ru ik c h a n k ,  1797), 
T h is  s tu d y  c o n f in r e d  the  th e o ry  th a t the passage o f  th e  ovum t o  th e  
u te ru s  occurred v ia  th e  o v id u c t. F u rth e r s tu d ies  s s ta h l i s h e d  the  
m o t i l i t y  and h i s t c l o g i c a l  anatomy o f th e  oviduct and co n f irm e d  cnst 
t h e  o v id u c t  was the s i t e  o f  f e r t i l i s a t i o n  (Todd end Gci/ren, 1645-55; 
B i s c h ü f f f  1645; Pouchat, 1647). By the  m id d le  o f  th e  19th century  
t h e  genera l h is to lo g ic a l s tru c tu re  o f th e  oviduct v/as kncv/n and i t s  
r o le  i n  gamete t r a n s p o r t ,  f e r t i l i s a t i o n  and s e c r e to r y  f u n c t io n  
d e te rm in e d .
1 .3  -  GENERAL STRUCTURE OF THE BOVINE OVIDUCT
The anatomy o f  th e  b ov ine  o v id u c ts  has been d e s c r ib e d  cy 
s e v e ra l workers (R oberts , 1956; McDonald, 1975; Eisscn an:
Grossman, 1975; Ha fez , 1283). Th.e o v id u c ts  o F the cc./ ere
p a ire d  tubes ru n n in g  between the  ovary end th e  u te ru s  ana are d e r iv e :  
f r o m  thiG mue 1 l a r i  an d u c ts  c f  th e  fo e tu s . They a re  c o r ro x  i r a t e l y  
2 5 -35  cm lo n g  and are to rtu o u s  and lo o s e ly  c o i l e d .  Lacn o v ic u c t  run 
a lo n g  the f re e  irarg.in  c f  t h e  broad l ig a m e n t  o f  th e  u te re s  ond i s  
suspended by th e  m esosalpinx formed by the  broad l ig a m e n t  looping, arm
th e  o v i d u c t c The oviduct rece ives  i t s  b lo od  s u p p ly  from  th e  ovarian
a r t e r y ,  th e  u te r i n e  branch s u p p ly in g  tfie  e rrp u l la  and is thm us and the  
o v a r ia n  branch s u p p ly in g  th e  in fu n d ih u lu m  (Lamond and D ro s t ,  1974).
The oviducts  a re  s m alle s t i n  d ia m e te r  a t  tl'.s u te r in e  end end 
l a r g e s t  i n  d ia m e te r  a t  th e  ovarian  end. The w a ll  o f  the  c v ic u c t  may 
be d iv id e d  i n t o  3 p a r t s  ; t u n ic a  se ro sa , t u n ic a  musc u l a r i s  and the  
t u n i c a  mucosa. The sero sa l la y e r  c o n s is ts  o f  m éso thé lium  c o n t in u o u s  
w i t h  th a t  o f th e  p e r i to n e u m  and i s  th e  o u te r  la y e r '  o f  th,e o v ic u c t.
The tu n ic a  m uscularis  l i e s  in s id e  th e  s e ro s a l  l a y e r  and i t s  th ic k n e s s  
v a r ie s  as to  th e  reg ion  o f  the o v id u c t. The m uscular l a y e r  o f  the  
tu b e  consists  o f 3 lo y e rs  o f  smooth r rusc lo ;  a t h i c k  r id d le  ) a , e r  c~ 
c i r c u l a r  f ib r e s  w i t h  a th ,inner l a y e r  o f  l o n g i t u d in a l  f i b r e s  on 
e i t h e r  s id e  (Lorrbsrcj, Morgan and bcihutty- 1S53). The
t u n i c a  mucosa c o n s is ts  o f a s u r fa c e  e p i t h e l i a l  l a y e r  c a l le d  the  lamina 
G p i t h e l i a l i s  and a lam ina  p r o p r ia .  Th.e e p ith e liu m  i s  p c e u d o c t r a t i f i c o  
colum nar throughout th e  o v id u c t  and v a rie s  i n  h e ig h t  i n  d i f f e r e n t  areas  
and a t  d if fe r e n t  s tag e s  o f  the cestreus c y c le . The lemir.a p r o p r ia  
i s  th e  base f o r  the f o l d i n g  o f  th e  c v ic u c t  mucosa, w h ich  i s  r e s t  
p ronounced a t  th e  o v a r ia n  end. The l a r i n a  c p i t h e l i a l i s  consis ts  
e s s e n t i a l l y  o f  3 c e l l  types, c i l i a t e d  columnar c e l ls ,  r . c n - - c i l ia to d  
peg c e l l s  and s p h e r ic a l  c e l l s  a t  th e  le v e l c f  th e  b a s a l  membrane 
( Lombard e t a l ,  1350). M o t i l e  c i l i a  ere p re s e n t  th ro u g h o u t  the  le n g tn  
o f  th e  o v id u c t  in  vary in g  amounts.
both  f u n c t i o n a l l y  and an ato m ica lly  t f ie  o v id u ct can be d iv id e d  
i n t o  4 p a r t s ;  the: in fu n d ib u lu m  ( o r  p r r - a r o u l l a ) , th e  a m c u l la ,  th e  i s t h i
and th e  u te ro -tu b a l ju n c on (b u n tsr, 1977 } ('" la to  1 .1 )
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P la te  1.1 The o v iduct o f the  cow showing:
1. The infundibulum ; 2 . The am pulla; 5. The isthmus ; 
4. The u te r o - tu ta l  ju n c tio n
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The i n f ü n c ibülum is  the ovarian  e x tre m ity  c f  the  c v ic u c t 
and has th e  m e t  complex .w all w ith  respect tc  fn Ic in g , Ths w a ll is  
v e ry  th in  and co n sis ts  alrsest e n t ir e ly  o f c i l ia t e d  c e l ls  \/ith , few  
m uscular f ib r e s  c rescn t ( to ré e ra  6 t a l ,  1953; Shackelford , H ickey, 
Luland end H . i l l ,  1970.;  Blankenship, D ickey, l a l l id e y  and L l l i c o t t  
1 9 7 5 ) .  The in fu n c itu lu m  constituons the  fim b ria te d  end o f the c v ic u c t  
and is  wide anc fu n n e l shared. In  scire scec ies , th e  f iré ir ia  
c o r.p le te ly  envelop th e  ovary (id s  t r e e ,  1925; 0 land au, 1993) lu t  ir, 
th.e CDv; the f in d r ia  are  a ttached  tc  the e v e r / c t one r c in t  o n ly .
The mucosa o f  t l ie  in  fo n d ih u lu — has v e ry  e rr r l e x  f r l r i i n : ; ,  secondary 
and t e r t i a r y  fo ld s  b e ing  tnrcwn uecn r r d o  rw t^or selves and o f te n  
e x te n d in g  ho^/cnd t),e  cen tre  o f  ths lu-n.n (Lnetcrd  or a l . 1959), In  
t h e  i n f u n d ib u lu n  th e re  in  a n re s c c d u ra rc e  c f  c i l l â t e s  c e l l :  o v e r  
s e c r e to r y  c u l ls .  The i n f  j n d ib u lw -  i s  re  in ly  concerned w ith  t ire  
t r a n s p o r t  o f  eggs frcm  th e  o va ry  in e o  the a r c u l la .  Due t c  the  sca n t  
m u s c u la r  t i s s u e  p re s e n t  i n  th e  i  n - u n c ib ulLim, i t  i s  th c u g h r  th a t  
t r a n s p o r t  c f  th e  ovum i s  b ro u g h t  about Ly the  a c t i o n  o f  t n c  c i l i a  c -  
t h e  mucosal c e l l s  ( L l - t a n n a  and h.sfez, 1972a), The exact wa ; in  oh: ch 
t h e  cva, a t  o v u la t io n , a re  swept f r e " ;  the ovary  i n t o  th e  cv:duct i s  
n o t  y e t  c le a r .  At oeetrus th e  f i r b r i a te d  end c f  th e  o v id u c t  Lnccirei 
oedematcus and th e  e p i t h e l i a l  c e l l s  rarhedl;.' in c rease  i n  i i e ig i i t ,  w i t h  
s c a tte re d  e p i t h e l ia l  c e l ls  p ro trud iru ; i n t o  th e  lumen [Lombard c t a l ,  
1953; itayak and E l l i n g t o n ,  1272). The com bination o f  th is  increase  
in  th ic k n e s s  and r o t i l i t y  a t  cestrus  may cause th e  sweeping a c tio n  
necessa ry  f c r  t r a n s f e r r i n g  the o v u la te d  ova fro r- th e  s u r fa c e  o f  th e  o ve r  
i n t o  th e  in "u n d ib u lu m  (Ruckebuscli and Eayard , 1975). The c i l i a  cm . 
t h e  r a b b i t  o v id u c t  have teen  shewn b ;  s tro tc s c c c ic  o b s e rv a t io n s  t o  Lr
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b e a t in g  a t approxim ately  1200 t im e s  p e r  m inute and t h i s  i s  p o w e r fu l  
enough t o  t r a n s p o r t  the ova i n t o  th e  ampulla ( F c r e i l l ,  fO. Is  sen and 
Oestrran, 1957). A ltho u gh  th e re  are  d i f f i c u l t i e s  i n  the  cow i n  
d e te rm in in g  th e  p r e c is e  t im e  o f o v u la t io n ,  i t  has teen e s t im a te d  
t h a t  th e  ovum t r a v e l s  a p p ro x im a te ly  one th ir d  c f  th e  len g th  o f  the  
o v id u c t  in  6 hours (Gerasimova, Potapova, S o lo v s i  and h v a to v ,  194c).  
T h e re fo re  egg tra n s p o rt i n  th e  cow would apcca r  tc  he ve r- ' r a p id .
A t  o e s t ru s  th e  h e ig h t  c f  t n e  n o n -c il ia te d  e n i h h e l i a l  c e l l s  o f  th e  
in fu n d ib u lu n  are  a t t h e i r  maximum s iz e , and t i ie  in c re a s e  in  h e ig h t  
i s  thought t o  be due to  th s  c e l l  becoming f i l l e d  w i t h  g ra n u le s  
(M cD an ie l,  G c a lz i  and f la c k ,  1955; Hayah end E l l i n g t o n ,  1972).
These granules have a s e c re s o ry  f u n c t io n  w h ich  i s  maxincm a t  oestrus  
s in c e  g re a te r  amounts o f o v id u c t f l u i d  may he c o l l e c t e d  a t  th is  
t im e  (S tanke , S ik e s ,  Seycmmg end Tumcleson, 1974; R oberts, P arker 
and Symends, 1975). The c i l ia t e d  c e l l s  a ls o  increase  i n  h e ig h t  s t  
o e s t ï 'u s  (Lee cars  e t a l ,  1952; McLaniel e t  a l ,  1965; S ta lh e im ,  
G a l la g h e r  and meyns, 1975).
The ampul l a  o f th e  cow i s  w id e s t  a t  i t s  ju n c tio n  w i t h  tine 
in fu n d ib u lu m  end ta p e rs  dc\/n t c  e p p rc x im e te ly  1-2  rrn i n  d ia m e te r  a t  
i t s  j u n c t i o n  w i t h  th e  is thm us ( a m p u l la r /  is th m ic  j u n c t i o n  -  A l l ) .  A' 
i n  the  in fu n d ib u lu rn  th e re  i s  e preponderance o f c i l i a t e d  o v e r  con­
c i l i a t e d  e p i t h e l i a l  c e l l s ,  but th e  f o l d i n g  i n  the  am pu lla  i s  f a r  les: 
complex than  in  the in fu n d ic u lu m .  The m u scu la r  co a t  becomes 
In c re a s e d  i n  th ic k n e s s  towards the  AIT (L reba rd  c t  a l ,  1352; E l-banm  
and Hafez, 1970b). A t  o e s t ru s ,  th e  most pronounced increase in  
h e ig h t  o f e n i t h e l i e l  c e l ls  throughout th e  o viduct occurs i n  the
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a n y ju l la ,  a l th o u g h  th e r e  a re  d i f fe r in g  re p o rts  os t o  th e  le n g th  o f  
t im e  around o e s t r u s  when t h i s  occure  (Lombard e t  a l ,  135C,- M cDanie l 
e t  a l ,  1968). The g ra n u le s  c o n ta in e d  in  th e  n o n - c i l i a t e d  c e l l s  a ls o  
in c re a se  i n  s iz e  a t  th is  t i r e ,  s t a i n i n g  f a r  rnnre i n t e n s e ly  w i t h  
a c id  f u c h s in  (Lombard e t a l ,  1050 ), Sore w o rke rs  have observed 
t h e  c i l i a  i n  t h s  am pulla t o  be more m o tile  around th e  □ e s tro u s  p e r io d  
( S ta lh e im  c t  a l ,  1375). Others have found them v e ry  m o tile  a t a l l  
t im e s  w i t h  no a p p re c ia b le  d i f f e r e n c e  a t  oestrus IÎ o rp a rd  c t a l ,  1550), 
The d i e s t e r  o f  th e  lym phatic v e s s e ls  s u n n ly in g  the am pulla ccuLIee  
s t  o e s t ru s ,  and th is  i s  thought t o  be cor.ncctcd  w i t L  th e  c b v ic u s  
oedema w hich  o ccu rs  around th is  p a rt c f  the o v id u c t, and also  v /ith  
t h e  in c re a s e d  amounts o f  o v id u c t  f l u i d  present a t  t h i s  t i r e  (i.ayak, 
E l l i n g t o n  and Zimr.anran, 1974; Roberts  a t  a l ,  1075 ). I n i t i a l l y  
t r a n s p o r t  o f the ovum th ro u g h  th e  am pulla  i s  th o u g h t  t o  be caused by 
th e  c i l i a  h u n t in g  towards th e  A.IJ and f o r c in g  th e  ovum dcrm.v/erds 
(E l~banns and Hafez, 1070a). Progress  i s  the n  a s s is te d  by p o r d s t a j s i c  
c o n tra c tio n s  o f  the  m u scu la r  co a t  o f tlie  ampul la  ( i 'e r p e r ,  1961;
E l-b a n n a  and Hafez, 1973a; Rukesbusch and L a y a rd , 1975), The ovum 
reaches  th e  p h y s io lo g i c a l  b a r r ie r  o f th e  e m r u l le r y  is t h m ic  j u n c t i o n  
a p p ro x im a te ly  6-10  hours a f t e r  o v u la t io n  (E l-banna and r .a fcz, 1 9 7 0 c ) , 
Experim ents u s in g  p la n  i  me t r i e  measurements o f th e  o v id u c t have, sugges t 
t h a t  th e  A13 i s  lo c a te d  ’^/ lO t h  to  ^/TOth a lo n g  the  le n g th  c f  the  
o v id u c t  f ro m  th e  i n f u n d i b u l a r  end (E l-Lanna  end Fiafez, 1573b). The 
ovum i s  h e ld  a t  th e  AI3 f o r  a p e r io d  reported  as ra n g in g  from  72-120 
hou rs  (E l-banna  and H afez, 1970a; T h ib a u l t ,  1272; Z e ro b in  and E p o rr i,  
1972) and i n  th e  cow t h i s  i s  th e  s i t e  fo r  f e r t i l i s a t i o c r  The 
' l o c k in g '  rechan ism  a t  th e  A13 appears to  be a p h y s io lo g ic a l, as oppose
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t o  an a n a to m ic a l ,  s p h in c te r .  urundin (1G64, 1965) dem onstra ted  
t h a t  t h i s  a rea  o f  th e  r a b b i t  o v id u c t  has a la rg e  d is t r ib u t io n  o f  
ad ren e rg ic  i n n e r v a t io n  and t h i s  supports th e  th e o ry  o f  o th e r  w o rke rs  
t h a t  in  th e  cow th e  s p h in c te r  e f f e c t  i s  produced by e c o n s t r i c t i o n  
o f  th e  c i r c u l a r  muscles supp lied  by the se  nerves (E l-banna  and h a fe z ,  
1970b).  These sane v/crkero  sugges t t h a t  the  n a r ro w in g  o f th e  
o v id u c t  lumen v a r ie s  depend ing on the  amount o f  c i r c u l a t i n g  plasma 
o e s t r c g e n s .
The isthmus i s  the n a r ro w e s t  re g io n  c f  t h e  o v id u c t  but has 
t h e  th ic k e s t w a l l .  In  c o n t r a s t  t c  t r .a t  found i n  the  infundibulurn  
and am pulla, t h s  e c i t h s i iu m  i s  predom inantly n o n - c i l i a t e d  c e lls  ano 
th e  m u scu la r  la y e r  i s  f a r  more developed, At o e s t ru s  th e  e p i t h £ ' l i ! . r ■ 
o f  th e  is thm us shows cnly  a s l i g h t  increase i n  h e ig h t  ( L c m o rJ  c t  
a l ,  1950; McDaniel c t  e l ,  1968). T ra n s p o r t  o f
th e  ovum through th e  is thm us c f  th e  o v id u c t  i s  accom p lished  by 
p e r i s t a l t i c  and e n t i p e r i s t a l t i c  c o n t r a c t io n s .  T h is  has been 
sugges ted  t o  be due t o  the  duel e f f e c t  o f  ce s tro g o n s  and p ro g e s té ro n e s  
a c t i n g  on th e  a d re n e rg ic  reccc tc ro  p re s e n t  i n  th e  is t h m ic  w a l l ;  
o e s t ro g s n s  increase  a -a d re n e rg ic  a c t i v i t y  p ro d u c in g  a s p h in c t e r  e f fe c t  
a round  o v u la t io n ,  whereas p ro g o s te rc n e  acts on th e  g -ad ren erg ic  r e c e n to r  
p ro d u c in g  is th m ic  re la x a t io n  as progesterone r is e s  v / i t h  in c re a s in g  tim e  
a f t e r  o v u la t io n  (Howe end B la ck ,  1973; h u n te r ,  1960 ). A d m in is t r a t i s " '  
o f  exogenous c s s t ro g e n s  have been demonstrated t o  cause a ' t u b e  l o c k i n g ’ 
o f  eggs i n  th e  oviduct o f  t l i e  ra b b it  and c o n v e rs e ly ,  a c c e le r a t io n  o f  
ovum t r a n s p o r t  i n t o  th e  u te ru s  (B u rd ic k  and F in c u s ,  1935; Grcenwalc , 
1961), P ro s ta g la n d in s  have a lso  been im p lic a te d  i n  th e  c o n tro l o f  .
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ovum t r a n s p o r t .  Kbrk  in  r a b b i t s  sugges ts  t h a t  p r o s ta g la n d in  F rray 
cause c o n s tr ic t io n  o f th e  is th m u s ,  and tiius re te n tio n  o f  ti'.e ovum, 
w h i l e  p ro s ta g la n d in  E have th e  o p p o s i te  e f fe c t  (F p ilm an  and H arper,
1973; E p i l r a n ,  1976). The f e r t i l i s e d  ovum i n  th e  ccv/ e n te rs  th e  
u te ru s  66-72 hours a f t e r  o v u la t io n .  At th is :  t im e ,  i t  has reachso  tins 
6 t o  16 c e l l  s tag e.
The u t ere - 1uba1 j u n c t i c  n (UT3) i s  the  reg io n  where th e  
o v id u c t en ters  th e  u te ru s . In  th e  ccw, the iJTT en ters  th e  t i p  o f  the  
u te ru s  end does not p r o je c t  i n t o  i t s  lumsn. The UTJ o f  the ccw i s  net 
an a n a to m ic a l s p h in c te r .  however bo th  i n  th e  ccw and s've, th e re  i s  a 
d i s t i n c t  f l e x u r e  a t  th e  ju n c tio n  end i t  i s  thought th a t the degree 
c f  t h i s  f le x u re  v a rie s  v / i th  th e  s tage  c f  th e  c a s t re u s  c y c le  (Edgar 
and A s d e l l ,  1960). h:afez end Black (1959) have e x te n s iv e ly  rcv iev /sc  
t h e  anatomy and fu n c tio n a l s ig n i f i c a n c e  c f  the  ET3 in  s e v e ra l  s p e c ie s .  
They suggest th a t  i n  th e  cow, the? s u p s c r t in g  l ig a m e n ts  c f  th e  UT3 
have m a jo r  s i g n i f i c a n c e  i n  d e te rm in in g  i t s  m o b i l i t y  and f l e x u r e .
A p h y s io lo g i c a l  h a r r i e r  i s  fo r r re c  a t the j  u n c t io n  a t  s p e c ia l t i m e s  
d u r in g  th e  c ss t r o u s  c y c le ;  th e  b a r r ie r  i s  g r e a te s t  when eggs a rc  
p re s e n t  i n  the o v id u c t  and n o n - f u n c t io n a l  d u r in g  th e  re s t o f  th e  c y c le .  
D u r in g  o e s t ru s  i n  the  cow, th e  t i p  c f the u te r in e  horn curves mors 
th a n  163°, p ro d u c in g  a marked f le x u re  s t  t h e  UTJ. The UT3 has teen  
suspected c f  b e ing  a b a r r i e r  to  spcnv tra n s p o rt and c f  be ing  a b le  to  
s e le c t  a g a in s t  r é r e ig n  end dead m a te r ie l.  The p h y s io lo g ic a l charges 
i n  UT3 s t r u c t u r e  a p p a re n t ly  do n o t  p re v e n t  sperm t r a n s r c r t ,  s in c e  
tra n s p o rt  may occur a t  a l l  s tages  o f  th e  c e s t r c u s  c y c le  i n  the  ewe 
and r a t .  In  a d d i t i o n ,  r a p id  sperm tra n s p o rt may depend cn th e  in c re a s e d
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r a t i l i t y  o f  th e  r e p ro d u c t iv e  t r a c t  produced a t  r a t i n g .  Hcv/sver th e  
r o l e  c f  th e  UTJ in  s p e rn  tra n s p o rt , spero  s e le c t i o n  and c o n t r o l  c f  th :  
t im e  th e  zygote e n te rs  th e  uterus has not teen  f u l l y  c l a r i f i e d .
1 .4  -  RE'/lLf : CF MCTrBCC OF AFSOSOIhG OVIDUCT FATFNCY
The r e s t  ccmrronly used method o f  a ssess ing  the s tru c tu re  
o f  th e  b ov ine  g e n i t a l  t r a c t  i n  th e  l i v i n g  an im a l i s  r e c ta l  p a lp a t io n , 
T h is  i s  o f  v a lu e  i n  d e te rm in in g  the  n o rm a lity  o - th e  o varies  and
u te ru s  b u t  is  l i m i t e d  i n  d ia g n o s in g  a b n o r r a l i t i c s  o f  th e  oviduct a rc
th e  normprogrmnt u te ru s . A ltho u gh  gross le s io n s  c f  th e  cviducts  and
t h e i r  adnexae may be picked u r  cn r e c ta l  e x a m in a t io n ,  any l e s s e r  
a b n o rm a litie s  are  l ia b le  n o t  to  be d e te c te d  (hPnccck, 1352; Dawson, 
1 5 7 5 ).
D eterm in ation  o f o v id u c t  patency was f i r s t  described i n  131^ 
when s e p a ra te  carers  by Rubin and Cary were p u b l is h e d .  These 
d e s c r ib e d  th e  t e s t  i n  worren known as h y s te r o s a ln i r g c g r a p n y . T h is  
te c h n iq u e  in v o lv e s  th e  i n j e c t i o n  o f ra d iocpsque  m a t e r ia l  i n t o  th e  
u teru s  end m o n i to r in g  i t s  progress by rad io g rap h y . I t  c r c v id e s  
i  n fo rm a t io n  about b o th  th e  patency o f th e  o v id u c ts  and the  p e r itu b a l  
adnexa whore adhesions are p resen t. Accumulations o f  msdia may te  
seen on fo llo w -u p  f i l m s .  T h is  t e s t  i s  w id e ly  used i n  i n v e s t i g a t i o n  : 
i n f e r t i l e  v.'crem However i t  i s  im p r a c t i c a l  i n  th e  cow. Improvemeni 
o f  t h i s  t e s t  was made in  1319, by th e  a d d i t i o n  o f  a p e l v i c  pneurTograr* 
w h ic f i  p ro v id e d  more in fo rm atio n  cn the  a b i l i t y  o f  th e  o v id u c t  f im b r ia :  
t o  enve lop  th e  ovary ( S te in ,  1919),
In  1520, Rubin p u b l is h e d  e paper on the  'R o n -o p e ra t iv e  
d e te rm in a tio n  o f  pa tency  o f fa l lo p ia n  tubes by means o f  i n t r e - u t e r i n o
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i n f l a t i o n  w i t h  oxygen and t h e  c r e a t io n  o f  an a r t i f i c i a l  pneurnoperitonGc-, 
T'he p r i n c i p l e  beh ind  t h i s  te c h n iq u e  was t h a t  oxygen, i n j e c t e d  under 
p re s s u re  v ia  an a i r t i g h t  c e r v i x  i n t o  the u te r u s ,  c o u ld  o n ly  escape i n t o  
th e  abdom ina l c a v i t y  by means o f  p a te n t  o v id u cts . D e te rm in e t ic n  o f  
p a te n c y  depended on th e  record ing  o f  a d rop  i n  p re s s u re  cn a d e v ic e  
a t ta c h e d  t o  th e  gas f lo w .  O ther methods o f d e t e c t in g  th e  escape c f  
gas wore by a u s c u l t a t i o n  o f  th e  gas a t  th e  f im b r i a  o r  by th e  shoulder 
p a in  experienced by th e  p a t i e n t  a f t e r  th e  procedure due to  th e  c o lle c t io n  
o f  gas under t h e  diaphragm, Piore re c e n tly  carbon d io x id e  has been 
u t i l i s e d  in s te a d  o f  oxygen as i t  i s  more r e a d i l y  absorbed by th e  r e r i t c r c r  
(Sweeney, 1952). However p i t f a l l s  have been r e p o r te d  in  t i ie  use o f  
t h i s  t e s t ,  f o r  example?, th e  record ing  o f  f a l s e  p o s i t i v e s  o r  n e g ative s , 
r i s k  c f  i n f e c t i o n  and r is k  o f  c n t o l i  f o rm a t io n  (Fwecney and ucm ~ert,
1 9 5 5 ).
The Rubin te s t  has been used in  c a t t l e .  Ro-./scn (1942=) 
r e p o r te d  an a t t e m r t  t o  assess oviduct po tency  u s in g  a i r  i n s u f f l a t i o n  cn 
t h e  g e n i t a l  t r a c ts  o f  cows a f t e r  s la u g h te r. F re s h ly  ïxmcvcd u t e r i  
w ere  p la c e d  in  w a te r  and i n f l a t e d  u s in g  a c a th e te r  p laced td irougn th e  
c e r v i x ,  w h ich  was s c a le d  by a ru b b e r  hung. Bubbles a p p e a r ing  a t  th e  
o v a r ia n  end o f  t h e  o v id u c t  in d ic a te d  patency. However, in  259 c f  
t h e  t r a c t s  e n d o m e tr ia l  r u p tu r e  occurred b e fo re  any bu b b le s  appeared 
and Rowson conc luded  t h a t  th e  t e s t  wou ld  be dangerous i f  used in  th e  
l i v i n g  a n im a l .
In  1945, B p r ig g s  expe rim en ted  w i t h  a i r  i n s u f f l a t i o n  in  
a n im a ls  im m ediately  p r i o r  to  s la u g h te r .  He i n je c t e d  approxim ate ly  
6 CO cc o f  a i r  i n t o  th e  u te ru s  o f  5 a n im a ls  u s in g  an enema pumo. The
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a n im a ls  were s la u g h te re d  w i t h i n  3 hours and th e  g e n i t a l  t r a c t s  examine; 
I n  4 o f th e  5 cows, r u p tu r e  o f  areas 0 .5 -1  cm lo n g  v;ere present i n  
t h e  endometrium o f  th e  le s s e r  c u rv a tu re  o f th e  u te ru s  and a i r  had 
escaped i n t o  th e  broad lig am en t. I n  no case d id  th e  ru p tu r e  in c lu d e  
t h e  m u s c u la r  c o a t  and could have been m issed on c u rs o ry  e x a m in a t io n ,
Hanley (1953) s ta te d  th a t  th e  Rubin t e s t  i s  s u i t a b le  f o r  use 
i n  c a t t l e  p ro v id e d  s u i t a b le  m o d ific a tio n s  are  used, h r  used a 
m o d ifie d  c a th e t e r  w i t h  a b a llo o n , which sea led  th e  i n t e r n a l  os c-^ the  
c e rv ix .  Carbon d io x id e  was i n je c t e d  in to  th e  u te r u s ,  and kyrrcprach 
t r a c in g s  used t o  d c te n rin e  the drop i n  p re ssu re  w i t h i n  th e  u te ru s ,  me 
re p o r te d  th a t  the t e s t  r e c u i i 's d  t c  be d iv id e d  i n t o  s tages  and t h a t  to e  
gas had t o  be in t ro d u c e d  g r a d u a l l y .  He b e lie v ed  th e  25% c f  cases 
where ru p tu re  o f  th e  endometrium occurred in  the . study o f Rosrnn was 
due t o  th e  ra te  o f  gas i n f l o w  be ing  to o  h ig h .  ha c o n s id é ré e  t r .a t  
80 mm Hg was th e  maximum pressure t o  be used w i t h  s a fe ty  i n  c a t t l e  
and t h a t  th e  t e s t  was u s e fu l .  On th e  e th e r  hand, K o th a r i  (1977) 
i n j e c t e d  a i r  i n t o  15 f r e s h l y  removed bovine g e n i t a l  t r a c t s .  O cvera l 
showed e n d o m e tr ia l  r u c t u r s  a t a v/ids v a r i a t i o n  i n  p re s s u re  (95-133 
rnm Hg) and he concluded t h a t  t h i s  t e s t  was not s u i t a b le  f o r  use in  
t h e  l i v i n g  a n im a l ,  s in c e  t'he c n d c m a tr iu ^  o f th e  ccw is  to o  f r i a b l e  t o  
p e r m i t  any b u i l d  up o f  gas i n  i t s  lumen p r i o r  t o  th e  gas e n te r in g  th~- 
D v id u c t .
In  th e  human f i e l d ,  o th e r  te s ts  used f o r  d e te rm in a t io n  o f  
o v id u c t  pa tency  are  th e  m e thy lene  b lu e  t e s t  (A n s a r i ,  15.63) and th e  
t u b a l  scan ( F s r f y n s k i ,  Jakubcwski, Stelmechcw, Crab an end Zurcv.cki, 
1977). N e i t h e r  i s  p r a c t i c a l  f o r  use in  th e  cow.
The b a s is  f o r  a l l  tho se  t e s t s  c a r r i e d  out in  both hurer.s
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and c a t t le  is  t h a t  a subs tance  in je c te d  in to  th e  u te re s  passes upwarcs 
th re u g h  th e  p a te n t o v id u c ts  and is  d e te c te d  in  th e  p e r i to n e a l c a v i t y .  
I n  s e v e ra l s p e c ie s , a tte m p ts  have a ls o  been made to  assess tu b a l 
patency fro m  the  o th e r  d ire c t io n , t h a t  i s ,  by in je c t in g  m a te r ia ls ,  
ra n g in g  fro m  In d ia n  in k  and a s c a r is  eggs to  s ta r c i i  g ra in s ,  around 
th e  ovary ( C y a r r a t i ,  1934; D ecker end Cfecker, 1954; A n s a r i, 1575). 
T h is  m a te r ia l,  harvested by th e  f im b r ia  is  d e te c te d  in  th e  v a g in a , 
f o l lo w in g  i t s  passage downwards. The 's t a r r h  g r a in ' t e s t ,  describe  
by  Docker and D ecke r, was used in  humans b u t n o t w id e ly , cue to  the  
p a t ie n t 's  d is lik e  o f  the p ro c e d u re . The d e te c tio n  o f  the  s ta rch  
g ra in s  in  the va g in a  was by u s in g  th e  p ro p e rtie s  o f  s ta rch  in  s re in in g  
dark  b lu e  when t r e a te d  w ith  io d in e . McDonald (1954) used the  
te c h n iq u e  in  c a t t le  w ith  fa v o u ra b le  r e s u l t s ,  b u t s in ce  the n  o th e rs  
have reported  d i f f i c u l t i e s  in  dernonstrating th e  p resence  c f  s ta rc h  
g ra in s  in  th e  va g in a  (D y k s tra , 1955; M u rray , 1955; J c h e r i and 
ShariTo, 1354). More r e c e n t ly ,  Kessy end hoakes (1979) rep o rted  th e  
t e s t  as e f f e c t iv e  in  d e te c t in g  u n i la t e r a l  and b i l a t e r a l  o v id u c t  
o c c lu s io n  in  3 cows in  w h ich  s u r g ic a l  l ig a t io n  o f  1 o r  b o th  o v ic u c ts  
had been c a r r ie d  o u t.
A n o th e r method o f  determ in ing  o v id u c t  p o te n cy  w h ich  has been 
th e  s u b je c t  o f much d is c u s s io n  in  th e  human f i e l d  is  th e  use o f  th e  
'S p e c k ' t e s t  (Speck, 1948). T h is  in v o lv e s  th e  use o f  p h e n o ls u ip h c n - 
p h th a le in (P S P ) dye as th e  m o n ito r  o f  p a te n cy . The dye is  in je c te d  
i n t o  th e  u te re s  v ia  th e  c e r v ix ,  fo llo w in g  em pty ing  o f  th e  b la d d e r , 
and 3D m in u tes  l a t e r  th e  b la d d e r  is  c a th e te r is e d .  On a lk a l in is a t i c n  
o f  th e  u r in e  c o lle c te d , th e  presence  o f  a p in k / r e d  d is c o lo u r a t io n
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d e m cn s tra tss  th a t  th e  dye i s  p re s e n t.  PSP dye is  n o t r e a d i ly  
abso rbed  fro m  n c n re l v a g in a l ru c o s a , endom etrium  o r  o n d o s a lp in x , b u t 
r e a d i l y  absorbed fro m  th e  p e r ito n e u m . Thus, i t  may be conc luded  th a t  
th e  dye has reached the  p e r ito n e a l c a v i t y  v ia  th e  o a te n t o v id u c ts .
Speck r e r n r te d  th e  te s t  as a c c u ra te  in  13 cases and s tro n g ly  recorrrsnded 
i t  as s a fe  and easy to  use.
However, no one s ince the n  has been ab le  t o  match Speck's  
r e s u l t s .  P osse t in  1950 c a r r ie d  o u t th e  t e s t  on p a t ie n ts  p r io r  
t o  t h e i r  unde rgo ing  h y s te re c to m y , and found a la c k  c f  c o rre la t io n  between 
th e  r e s u l t s  o f  th e  te s t  and th e  cond itions  o f ov iducts  a f t e r  s u rg e ry .
He b e lie v e d  th a t  a b lo c k e d , but d i la te d  and diseased, o v id u c t  may have 
th e  a b i l i t y  to  absorb th e  dye.
F u r th e r  in v e s t ig a t io n s  were c a rr ie d  out by Hoffman in  1951,
He dem onstra ted  th a t th e  dye was indeed  ra p id ly  absorbed th ro u g h  th e  
p e r ito n e u m . He used a moro c o n c e n tra te d  s o lu t io n  o f dye than Ppock 
and in  33 cases o f known tu b a l p a te n cy , he had 32 p o s i t iv e  dye te s t s .  
However, hs next te s te d  41 p a tie n ts  known to  have b lo cke d  o v id u c ts  
f o l lo w in g  s t e r i l i s a t i o n  procédures and in  e ve ry  case a p o s i t iv e  r e s u lr  
was o b ta in e d , s u g g e s tin g  o v id u c t  patency. Ho concluded th a t  the  te s t
was u n r e l ia b le  and th a t  th e  dye is  absorbed by th e  human endom etrium .
In  1916 Speck and H a lte r  re p e a te d  th e se  s x p g r im e n ts , a g a in  u s in g  women 
who had p re v io u s ly  undergone tu b a l  l i g a t i c n  and o b ta in e d  c o n t r a d ic to r y  
r e s u l t s .  They h yp o th e s is e d  t h a t  th e  in a c c u ra c ie s  fo l lo w in g  tu b a l  
l i g a t i o n  a rc  due to  leakage  o f  dye, o r  to  in v e rs io n  o f  th e  mucosa a t  
th o  l ig a t io n  s i t e ,  a l lo w in g  a b s o rp t io n  o f  th e  dye.
However, in  1965, G rc rrsd zk i, Lukasik, and 
P a p ie ro w s k i comparod th e  PbP dye t e s t  w ith  th e  Rubin t e s t  
and fou n d  i t  th e  b e t t e r  method o f e v a lu a t in g  patency o f
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th e  o v id u c t .  Dus perhaps to  th e s e  c o n t r a d ic to r y  r e s u l t s ,  a n d /o r  
th e  a v a i l a b i l i t y  o f  o th e r,m e th o d s , th e  Speck t e s t  has n e v e r en joyed  
g re a t p o p u la r i t y  in  th e  human f i e l d ,
A t e s t ,  u s in g  in d ig o  carmine dye, was rep o rted  by O te l end 
Dren'e (1966) to  have a use in  c a t t le .  The technique was b a s ic a l ly  
th e  seme as the  Speck t e s t  in  \-.iornen, w ith  th e  u r in e  b e in g  exam ined f o r  
th e  p resence  o f eye 2 hours fo l lo w in g  i t s  i n s t i l l a t i o n .  They had tn s  
advantage c f  b e in g  ab le  to  examine the t ra c ts  a t  post-mortem and 
c o n firm e d  a l l  23 cases where th e  te s t  had in d ic a te d  o v id u c t  p a te n cy , 
and 8 o u t o f  10 r-hero oviduct b lockage  had been dem onstrated.
A f u r t h e r  experim ent was done by tc rc h to ld  end Drumnsr in  
1365, u s in g  PSP dye , in  21 a n im a is . They were ab le  to  c o n f irm  t h e i r  
r e s u l t s  in  2D. There was no e v idence  o f  damage to  th e  ondorctrium  
o f  th e  cows fo llo w in g  e i t h e r  c f  th e se  experim ents end i t  was conc luded  
t h a t  th e  dye t e s t  appeared e s a fe r ,  but es r e l ia b le ,  technique as the  
use o f  carbon d io x id e  by M anley in  1953. However in a cc u ra te  r e s u l t s  
have been fou n d  by some workers [J o h a r i and Eharma, 1 9 6 /; Ozhurovs 
and Ushtiv, 187^3. A h ig h  in c id e n c e  o f  fa ls e  n c s it iv G  re a c t io n s  was 
o b ta in e d  by Von Schneider and Rusch (1976) w h ich  they  suggested  c o u lc  
be due to  a b s o rp t io n  o f  th e  dye by e damaged endometrium,
K o th a r i [1977) c a rr ie d  out th e  t e s t  in  a number o f  a n im a ls  
v / i th  very accurate  r e s u l t s  c o n firm e d  by post-m ortem . Me re p o r te d  
t h a t  th e  dye t e s t  c o u ld  be used w ith  accuracy a t  any s ta g e  o f the  
O B strous c y c le  and dem onstra ted  by endoscopy t h a t  th e  dye d id  pass 
from : th e  o v id u c ts  in t o  th e  p eri tonsum . Me suggested t h a t  u n i la t e r a l
b lo c k a g e  o f  th e  o v id u c ts  would : bo diagnosed u s in g  t h i s  techn ique, 
end showed t h a t  no n r  e l  f e r t i l i t y  r e s u l t e d  ; f o l lo w in g  a su cce ss io n
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o f  dye te s ts  in  a number o f a n im a ls . O ther v /o rke rs  d is a g re e  th a t  
th e  stage o f  th e  cyc le  a t w h ich  th e  dye t e s t  is  perform ed makes no 
d if fe re n c e  (Kessy and üoakes, 1979 ). They obtained a h ig h  num.bsr 
o f  fa ls e  n e g a tiv e  re s u lts  when th e  t e s t  was c a rr ie d  o u t on cows in  
o e s t ru s .  They suggested th a t  th is  may be due to  th e  ' t u b a l  lo c k in g ' 
o f  th e  o v id u c t  a t  t h i s  tim e . However they obta ined accurate  r e s u l t s  
when th e  t e s t  was c a r r ie d  o u t a t  o th e r  tim es th e  oestrous c y c le  
and concluded th a t  th e  t e s t  had given encouraging r e s u l t s  in  th e
d e te rm in a t io n  o f po te ncy  o r  occlus ion ,
1.5 - REPEAT BREEDER
One o f  th e  mere corrn on syndromes assoc iated  w ith  reduced 
f e r t i l i t y  amongst c a t t le  in  E r i t a in  is  th e  're p e a t  b re e d e r ', The 
repeat, b reeder i s  a cow w h ich  c y c le s  at re g u la r  in t e r v a ls  b u t when 
m ated w ith  f e r t i l e  s i r e s  f a i l s  to  conceive. On c l i n i c a l  exam ination , 
th e y  show norm a l o v a r ia n  fu n c t io n  .by th e  presence o f  a p a lp a b le  co rpus 
lu te u m  a t th e  re c o g n is e d  normal p e r io d  o f  the c y c le . They a ls o  shew 
no p a lp a b le  e v idence  o f adhes ions between ovaip/ and o v id u c t ,  o r  
between o v id u c t  end u te ru s . U te r in e  environment i s  ap p aren tly  ncrTral- 
On r e c t a l  p a lp a t io n  and when c e r v ic a l  e xe m in a tio n  is  c a r r ie d  c u t ,  th e re  
i s  no e v id e n ce  o f  abnorm al u te r in e  d is c h a rg e s . O b v io u s ly  any one 
o f  th e  in te g ra te d  e ven ts  w h ich  c u lm in a te  in  pregnancy could be the  
cause o f  th e  reduced f e r t i l i t y  in  t h i s  group o f  c a t t l e .  According  
t o  some w o rk e rs , c o n c e p tio n  r a te  to  f i r s t  s erv ice  in  repeat breeders  
i s  o n ly  48.5% (O ld s , 1969) compared to  a c o n c e p tio n  ra te  to  f i r s t  
s e r v ic e  c f  85,6% in  h e i fe r s  (K id d e r ,  B la c k , U i l tb a n k ,  U lb e rg  and
C a s id a , 1954). There are  s e v e ra l reo o rts  in  th e  l i t e r a t u r e  o f  r e la t i v e l y
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high incidences o f ov iduct a b n o n re lit ie s  amongst rep ea t breeders.
M ost o f  t h i s  ev id en ce  has been gathered fro m  p os t-m o rte m  e xa m in a tio n s  
(Tanace and C as ida , 1949; Lombai"d e t  e l ,  1951; Dawson, 1958; 
n o a re , 1969; Sutrmers, Cam pbell and D e n n e tt, 1974; Bowen, t ls d c n  
and S e id e l (1 9 7 8 ),
Many o f  th e  cases r e fe r r e d  to  th e  h o s p i ta l  e nv iron m e n t a re  
re p e a t b re e d e r cows, whose value  encourages t h e i r  owners to  p e r s is t  in  
t r y in g  to  reach a diagnosis  f o r  t h e i r  reduced f e r t i l i t y ,  w ith  the  here  
t h a t  c e r ta in  m a n ip u la t io n s  can be u n c c rta k c n  end a conception achieved  
D u r in g  th o  p e r io d  o f  th o  s tu d ie s  re fe rre d  to  in  t h i s  t h e s is ,  ap p ro x i­
m ate ly  40 re p e a t b re e d e rs  were a d m itte d  to  th e  depa rtm en t f o r  in v e s t i ­
g a tio n , In  c e r ta in  a reas o f  th o  w ork cescrih jG d, re s u lts  from th e se  
cases w i l l  be in c lu d e d  w h ich  add a d d it io n a l u s e fu l m a te r ia l f o r  
d is c u s s io n .
The f i r s t  p a r t  o f  t h i s  th e s is  describes in  v i t r o  and in  
v iv o  s tu d ie s  u nd e rtake n  on p a te ncy  o f  th e  o v id u c ts  in  normal and 
abno rm a l cows and h e i fc r e .
CHAPTER 2
OVIDUCT AVUDPMALITIES IN AN ABATTOIR SURVEY 
OF EOVIrE REPRODUCTIVE TRACTS
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2.1 - INTRODUCTION
B esides s im p ly  observing th e  g ro ss  s t r u c tu r e  o f  th e  o v id u c ts , 
b o th  th e  passage o f  f l u i d  a n d /o r  a i r  have been t r i e d  in  attem pts to  
assess t h e i r  p a te n cy  in  v i t r o  (Dawson, 1958, 1964®' K o th a r i,  1977; 
Duchateau and W h it iro rc , 1978). Doth o f  the se  techn iques, w h ile  
in d ic a t in g  p a te ncy  c f  th e  ov iducts  to  f l u id ,  do n o t ta k e  in t o  ccn s ic sr  
o t io n  th e  necessary degree o f  patency rc q u i red  o f the  ov iduct in  each 
s p e c ie s  in  i t s  ro le  c f  t r a n s p o r t  c f  the ovum. There i s  l i t t l e  
re fe re n c e  in  the l i t e r a t u r e  t c  work done in  assessing t t :o  patency to  
f l u i d ,  and t o  p a r t i c le s  c f  e s iz e  s im ila r  to  t h a t  o f  tho  bovine cvun 
( Dawson, 1988, 1 55 4 a ), S tu d ie s  were t h e re fo re  undertaken, using  
s laughterhouse samples c f  fem a le  bovine g e n ita l  t r a c t s ,  to  in v e s tig a te  
th e  a b i l i t y  o f  th e  oviducts  to  a llo w  th e  passage c f  b c th  f l u i d ,  and 
a suspension c f  p o l le n  g ra in s  s i r i l a r  in  s iz e  t c  the  ovum. In  
a d d i t io n ,  the  ty p e s  o f  abnorm ality  b o th  macroscopic end m icroscopic  
w h ich  impeded th e  passage o f  these m a te r ia ls  was assessed. S ince  th e  
o v id u c ts  arc re c o g n is e d  as v a ry in g  in  s tru c tu re  throughout t h e i r  
le n g th ,  a t t e n t io n  was p a ie  to  th e  p a r t ic u la r  s i t e  o f  th e  v a r io u s  
a b n o rm a lit ie s .
2.2. - MATERIALS Ahj METHODS
A random sam ple c f  n o n -p re g na n t cow and h e i fe r  g e n i ta l  
t r a c t s  were c o lle c te d  im m ediately a f t e r  s la u g h te r  frcm  a lo c a l 
a b a t t o i r .  T ra c ts  were rerroved as scon as th e  ca rca se  was suspended 
and c u t open a f t e r  s k in n in g .  An in c is io n  was rr-ade as close as 
p o s s ib le  to  th e  attachm ent o f  th e  broad l ig a m e n t to  th e  abdom ina l w e l l
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and th e  va g in a  c u t c c s t e r io r  to  th e  c e rv ix . T ra c ts  were o b ta in e d  
fro m  a n im a ls  o f  v a r io u s  breeds and age. A l l  t r a c t s  were examined 
w i t h in  2 hours  o f  s la u g h te r . C a re fu l s c r u t in y  o f th e  e n t i r e  re p ro ­
d u c t iv e  t r a c t  was c a rr ie d  o u t and any g rcss  a b n o rm a lit ie s  e f f e c t in g  
th e  oviducts  recorded. The s tru c tu re s  present on th e  o v a r ie s  were 
n o te d .
S e p a ra tio n  in t o  ccw and h e i f e r  t r a c ts *
The g e n i ta l  t r a c ts  were c iv id e d  in t o  th e s e  Trrm  cows and 
th o s e  from h e i fe r s ,  a h e i fe r  b e in g  take n  as an a n im a l w h ich  had never 
borne 0 c a l f .  The sep a ra tio n  was cone by one o f ,  o r  a com bination  
o f ,  th e  fo l lo w in g  3 re th c c s  ; 1) Tn,e mammary deve lopm ent o f th e
c a rca se  was exam ined p r i o r  to  removal o f  the t r a c t .  Those w ith  
o bv iou s  marrmary deve lopm ent were co n s id e re d  to  be cov:s. 2) Both 
o v a rie s  were exam ined f o r  th e  presence o f  corpora a lb ic a n te s . In  
th o s e  c o n s id e re d  to  be fro m  h e i fe r  c a rca se s , no corprera a lb ic a n tc G  
were, p re s e n t on e i t h e r  ova re ,  3) Ey the  use o f  re o io g ra p h y , th e  
t o r t u o s i t y  o f  th e  a r t e r ie s  s u p p ly in g  th e  u te ru s  was determ ined as 
fo l lo w s :  A 1 :1  w a te r  b a rium  m ix tu re ,  warmed to  reduce  v is c o s i t y ,  was
drawn in t o  a 20 rrf s y r in g e  end a 20 gauge 1 in c h  need le  a tta c h é e .
Two o r  3 p ro m in e n t u te r in e  a r t e r ie s ,  ly in g  in  th e  u te r in e  b road  ligam e: 
w ere  in je c te d  w ith  a p p ro x im a te ly  ID ml o f th e  m ix tu re . B lood v e s s e ls  
s u p p ly in g  b o th  horns were in je c te d . The g e n i ta l  t r a c t  was th e n  
X -ra y e d  a t  44 k v , 10 mAS, u s in g  a g r id  h e ig h t o f  35 in c h e s . A f t e r  
d e v e lo o in g ,  th e  u te r in e  b lo o d  v e s s e ls  were exam ined f o r  c o i l in g .
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D e te rm in a tio n  o f  o v id u c t  p a te ncy  u s in g  dye;
W ith in  4 hours o f  s la u g h te r ,  th e  g e n i t a l  t r a c t s  were c leaned  
o f  d e b r is  u s in g  w a te r ,  and unwanted ira to  r i a l  such as fra g m e n ts  o f  
re c tu m  and excess f a t  d is s e c te d  away,
PSP dye s o lu tio n  (prepared by th e  method o f  K o th a r i e t  a l ,
1978) o r  methylene b lu e  (EDM 1% aqueous s o lu t io n )  was used,
The g e n ita l t r a c t  was p la ce d  on a w h ite  enamel t r a y . The 
dye was drawn in t o  a 23 m l s y r in g e  to  w h ich  a 20 gauge 1 inch need le  
was a tta c h ed . One horn  o f the. u te ru s  was clamped o f f  approxim ately  
3 cm from th e  u te ro tu b a l ju n c t io n  (U T j) w i t ' i  co re  b e in g  taken n o t to  
damage th e  o v id u c ts , . ' T h is  was accomplished by one o f  3 methods :
1 ) P\ l ig a tu r e  was in s e rte d  through th e  brood l ig a m e n t and t ie d  around 
th e  u te r in e  h o rn , o r  2) A rte ry  fo rc e p s  were p la c e d  across th e  u te r in e  
h o rn ,  o r  3) By a p p ly in g  p re s s u re  w ith  th e  f in g e r  and thurrbs a c ro ss  
th e  u te r in e  hc iT i, be lcw  th e  p o in t  o f  in s e r t io n  o f th e  dye,
The n e e d le , w ith  th e  s y r in g e  a ttach ed , was th e n  in s e rte d  
th ro u g h  th e  u te r in e  w a l l ,  betv'een th e  c o n s t r ic t io n  and th e  U T3, w ith  
i t s  p o in t  d ir e c te d  tov.'ards th e  ju n c t io n .  Care was ta ke n  to  ensure 
t h a t  th e  p o in t  o f  th e  need le  remained in  th e  lumen and d id  n o t p ie rc e  
th e  o p p o s ite  u te r in e  w a l l .  The s y r in g e  p lu n g er was g e n t ly  pushed 
downwards and th e  dye i n s t i l l e d .  In  cases where th e  o v id u c t  was 
p a te n t ,  th e  dye c o u ld  be seen moving t liro u g h  th e  o v id u c t  and em erg ing 
a t  th e  f im b r ia l  end. Where i n i t i a l l y  th e  dye was n o t seen to  be m oving, 
th e  p re s s u re  e x e r te d  on th e  s y r in g e  p lu n g e r  was in c re a s e d , u n t i l  th e  
re s is ta n c e  was overcome. Where in c re a s e d  p re s s u re  d id  n o t overcome 
th e  re s is ta n c e ,  th e  in je c t io n  o f  dye was h a lte d .  The p ro ced u re  was
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re p e a te d  on th e  o p p o s ite  o v id u c t.
D e te rm in a t io n  o f  o v id u c t  p a te n cy  u s in g  p o l le n ;
A p ro p o r t io n  o f  th e  t r a c t s  in  w h ich  one o r  b o th  o v id u c ts  
had p roved  to  be p a te n t to  th e  dye in je c t io n  was used in  t h i s  
e x p e r im e n t. To a v o id  the  o r ig in a l  p u n c tu re  wound, a second 
c o n s t r i c t io n  was p la ce d  n eare r th e  UTJ. A i r  was f lu s h e d  th ro u g h  th e  
o v id u c t  to  rernove the dye p re v io u s ly  i n s t i l l e d .
A suspens ion  o f  p o l le n  g ra in s  (C o u lte r  E le c tro n ic s ,  
H a rpenden )/ o f  80 y in  diam eter, was p re p a re d , rrg p o l le n
g r a in s ; 50 ml s a l in e ) .  The suspension was shaken f r e q u e n t ly  in  o rd e r  
t o  d is p e rs e  th e  p o l le n  gra in s  u n ifo rm ly .  The suspension was drawn 
in t o  a 20 ml s y r in g e  and th e  c o n c e n tra t io n  o f  g ra in s  present checked 
by  examining a d rop  o f  th e  f l u i d  fro m  the  f i l l e d  syrin g e  in  an embryo 
d is h  under a s te re o -d is s e c tin g  microscope, (P la to  2 .1 ) .
The suspens ion  was in je c te d  frc m  th e  u te r in e  t i p  to  th e  
o v id u c t  in  e x a c t ly  th e  same manner as d e s c r ib e d  f o r  th e  dye. As th e  
f lu s h in g s  emerged from  th e  o v id u c t ,  th e y  were c o l le c te d  in  an embryo 
d is h  and exam ined u n d e r th e  s te rc c m ic ro s c o p e  f o r  th e  p resence  o f  
th e  p o l le n  g ra in s .  In  th o se  samples in  w h ich  no p o l le n  g ra in s  w e rr  
v i s i b l e  in  th e  c o l le c te d  f l u i d ,  th e  p ro ce d u re  was re p e a te d .
Passage o f  dye fro m  th e  f i r r b r ia  to  th e  u te ru s  :
In  a p ro p o r t io n  o f  the  o r ig in a l  samples, and in  a l l  cases 
w here f lo w  o f  dye had been impeded from th e  u te r in e  to  the  f im b r ia l  
end o f  th e  o v id u c t ,  th e  p a te ncy  to  dye in  th e  o p p o s ite  d i r e c t io n  
was a tte m p te d .
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P la te  2 .1  An example o f a p o lle n  g ra in  suspension as seen unoer 
the  s te ro c d is s e c tin g  microscope.
1
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The o v id u c t ,  o va ry  and t i p  c f  th e  u te r in e  horn  were 
d is s e c te d  f r e e  o f  th e  body o f  th e  u te ru s  by c u t t in g  th e  rnesovarian  
lig a m e n ts ,  A b lu n te d  need le  (20 gauge 1 in c h )  was in s e r te d  in t o  the  
f im b r ia l  end o f  th e  o v iduct and secured  th e re  by a l ig a t u r e .  Dye 
was in je c te d  through th e  neeo le  as b e fo re .
Passage o f  dye from th e  is thm us to  th e  f i r x j r i a :
The UTJ v;as se ve red , le a v in g  th e  lumen o f  th e  is thm us v is ib le ,  
A b lu n te d  n e s d ls  (20 gauge 1 in c h )  was in s e rte d  in t o  the  is b h r r ic  1er en 
and secured by a l ig a t u r e .  An a tte m p t v.as made t o  in je c t  dye tow ards 
th e  f im b r ia ,  so bypassing th e  UTJ, The procedure vxs  repeated on 
th e  opposite  o v id u c t .
E x a m in a tio n  c f  rep ea t b reeder cciv- g e n i ta l  t r a c ts ;
A sam ple c f  10 g e n ita l t r a c ts  fro m  cows w ith  a known h is to ry
o f  i n f e r t i l i t y  were a v a ila b le .  These were exam ined g ro ss ly  anc th e  
o v id u c ts  te s te d  f o r  p a te ncy  u s in g  dye and p o lle n  g ra in s ,  e x a c t ly  as 
d e s c r ib e d  f o r  th e  slaughterhouse sam ples.
H is to lo g y  :
S e c tio n s  o f  a p p ro x im a te ly  1 cm square were taken from  the  
a m p u lla , is th m ijs  and UTJ frcm  samples where th e  dye o r  p o l le n  had been 
im peded, and fro m  a p p a re n t ly  normal o v id u c ts  f o r  co rro a ris c n .
The s e c tio n s  were f ix e d  in  D ouin's s o lu tio n  f o r  a p p ro x im a te ly  
24 h o u rs . They v x re  th e n  dshycrated in  a s e r ie s  o f  upgraded 
a lc o h o ls  and impregnated w ith  1% c o l lo id c n  in  m e th y l benzoate. C le a rin ; 
was dons u s in g  a m y l a c e ta te  fo l lo w e d  by im pregnation w ith  p a r a f f in  wax. 
They were b lo c k e d  o u t in  p a r a f f in  wax. This p ro ce d u re  was c a r r ie d  o u t
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u s in g  en a u to m a tic  t is s u e  p ro c e s s in g  machine (Dhandcn E l l i o t ) .
Sections were c u t a t 5 p th ic k n e s s ,  p la c e d  cn to  a s l i c e  and 
s ta in e d  v / ith  Mayers h a err-.? to  x y l  in  and e o s in . They were c r ie d  on a h o t 
p la te  and p la c e d  i n  an oven a t  5 6 ^ t o v e rn ig h t ,  f o r  exam ination th e  
f o l lo w in g  day.
A p ro p o r t io n  c f  samples v/as s e r ia l ly  sectioned  a t 5 y 
in t e r v a ls  end e ve ry  13 th  s ec tio n  s ta in ed  as described above.
2 .3  -  . REEUtlS
P la te  2 .2  shows the  ra c ic g ra c li c f  th e  u te ru s  end tre a d  
lig a m e n t fro m  a h e i f e r  t r a c t  fo llo w in g  th e  in je c t io n  c f  b a rium  in to  
th e  u te r in e  a r te r ie s .  There is  no c o i l in g  c f  th e  blcco ves s e ls . 
P la to  2 .3  sho'ws the re s u lts  in  a ccw t r a c t  f o r  comparison.
Tf'io number and ir 'c ic c n c o  o f press  a b n o rm a litie s  o f  th e  
o v id u cts  o f  260 g e n i t a l  t r a c ts  a re  shewn in  T ab le  2 .1 .  The adhesions
recorded ranged from  d e l ic a te  s tra n d s  c f  connective  tis s u e  ly in g
a lo n g s id e  th e  o v id u c t and bursa to  t h i c k  fib ro u s  tis s u e  com pletely  
e n v e lc c in g  th e  o va ry  end f i r . f r i a  (P la te  2 .4 ) .  h y d ro s a lp in x  v/ac 
a p p a re n t as a f l u i d  f i l l e d  d is ten s io n  o f  th e  o v ic u c t  w i th  th in n in g  o f
th e  w a l l  (P la te  3 . 2 . c ).T h e  cysts were w h ite ,  t h in  c r  t h i c k  w alled
s t r u c tu r e s  ra n g in g  in  s iz e  fro m  0 . 5 - 2  cm and in v a r ia b ly  c o n ta in e d  
w h i te .g r a n u la r  m a te r ia l .  They were found ly in g  in  th e  f im b r ia e  o r  
n e a r  th e  w a l l  c f  th e  o v id u c t  (P la te  2 ,5 ) ,
The incioencE o f  o v io u c t  le s io n s  p resent, in  cows (18%) is  
g r e a te r  th a n  th a t  present in  h e ife rs  (3 .3% ).
T a b le  2 .2  shows th e  r e s u l t s  obtained in  A -  h e i fe r s  anc 
Ü -  cows when in  v i t r o  assessment o f o v id u c t  p a te n cy  was done u s in g
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P la te  2 .2  Radiograph c f  the uterus and broad l i r a r e n t  o f a
h e i f e r  t r a c t ,  fo llo w in g  the in je c t io n  o f barium in to  
the  u te r in e  a r te r ie s .  The a r te r ie s  arc s t r a ig h t .
f
■lato 2 .3  Radiograpn c f  the  uterus and bread ligam ent o f a cow 
t r a c t ,  fo llo w in g  tlie  in je c t io n  o f barium in to  the  
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P la te  2 ,4  Bovine ov iduct and e v e r /,  shc.ving gross adhesions 
enveloping the ovary and f im b ria
P la ts  2 5 An exam^ilc o f an oviduct c y s t, ly in g  in  the w a ll  
c f  the  f i n l r i a
TABLE 2 .2  RESULTS OF IN VITRO ASSESSMENT CF OVICUCT PATENCY USING DYE, 
FOLLOWED EY A SUSPENSION OF POLLEN GRAINS, IN  60 COW 
TRACTS ANO 20 HEIFER TRACTS
A. h e ife rs  ivurnber o f  o v id u c ts  te s te d
40 (100%)
P a te n t to  dve Blocked to  dye
40 [1C0%1 0
P a te n t to  n c l le n  Blocked to  o c l ls n
40 (100%) 0
8. Cows Number c f  o v id u c ts  te s te d
120 ( 100%)
P a te n t to  dye B locked  to  dys
111 (92.8%) S (7.5%)
P a te n t t c  r o l l en B locked  to c c l le n
97 (6 0 .c%) 14 (11,7%)
Note ; The dye end p o l le n  g ra in  suspens ion  were in je c te d  fro m  th e  
u te ru s  t c  th e  f im b r ia  in  a l l  sam ples.
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TABLE 2 .3  RESULTS OF ASSESSMENT OF OVIDUCT PATENCY USING DYE, AND A
SUSPENSION OF POLLEN GRAINS IN  A RANDOM SAMPLE OF 10 GENITAL 
TRACTS FROM REPEAT BREEDER COWS
No. o f  Ccw; 10
Gross e xa m in a tio n





B locked  ( b i l a t e r a l )
a te n c y  to  
p o l le n r





dye fo l lo w e d  by a suspens ion  o f  p o l le n  g ra in s  in  80 g e n i ta l  t r a c t s .
A l l  h e i f e r  o v id u c ts  te s te d  p roved  to  be p a te n t to  th e  dye and to  th e  
p o l le n  g ra in s . 7,5% o f  th e  cow o v id u c ts  wore b lo c k e d  to  th e  dye.
I t  i s  in t e r e s t in g  to  n o te  t h a t  11.7% o f  th e  cow o v id u c ts  w h ich  had 
p ro ve d  p a te n t to  th e  dye in je c t io n  were b lo cked  when te s te d  w ith  th e  
p o l le n  g ra in  su spe n s io n .
Passage c t  dye from th e  f im b ria  to  th e  u te ru s ,  and fro m  
th e  is thm us to  th e  f i r r c r ia e  v'as attem pted b u t p roved  im p o s s ib le  to  
c a r r y  o u t in  th e  m a jo r i t y  o f th e  o v id u c ts  te s te d .  ho r e s u l t s  are  s'
The in c id e n c e  o f  gross a b n o rm a lit ie s  a f f e c t in g  th e  ovicucts  
i n  a random sample o f ' I D  t r a c t s  fro m  re p e a t breeder cows are shown 
i n  T ab le  2 .3 .  Two t r a c t s  w h ich  were g ro s s ly  abnorm al wen? b i la t e r a l ly  
b lo c k e d  to  th e  dye in je c t io n ,  One case w h ich  appeared normal on 
m a c ro sco p ic  e xa m in a tio n  p roved  to  be b i l a t e r a l l y  b lo c k e d  when te s te d  
w ith  th e  p o l le n  g ra in  su sp e n s io n . In  t h i s  s m a ll sample c f  re p e a t 
b re /eder cows, 30% have app a re n t o v id u c t  a b n o rm a lit ie s .
2 .4  -  DISCUSSION
Thsir-; a re  s e v e ra l re p o rts  in  th e  l i t e r a t u r e  o f  th e  in c is u r e s  
o f  o v id u c t  a b n o rm a lit ie s  a f f e c t in g  b o v in s  fe rra is  r e o ro c u c t iv c  t r a c t s  
Mobsrg, 1954; Dawson, 1956; Cumrr.ers, 1974; A ldahash  and D av id , 1977; 
K o th a r i ,  1977; Duchateau end khitm oro, 1973). Much o f t i ic  ev idence  
i s  based on th e  exam ination  o f  th e  re p ro d u c t iv e  t r a c t s  a t  s la u g n ts r .  
These a u th o rs  re p o rt an inc ioence o f o v id u c t  a b n o rm a litie s  v a ry in g  f r c "  
2.5% t o  26%. From th e  s la u g h te rh o u s e  su rve y  re p o r te d  in  t h i s  th e s is  
t i ie  in c id e n c e  o f  g ro ss  a b n o rm a lit ie s  was 16% in  cows and 3.3% in  
h e i f e r s ,  S e v e ra l d i f f e r e n t  exp lanations f o r  t h i s  wide ranee in
r e s u l t s  re c o rd e d  are p o s s ib le .  Some w o rke rs  ra y  have re p o r te d  a l l  
ty p e s  o f a b n o rm a lit ie s , w ith  o th e rs  n o t in g  o n ly  th o s e  w h ich  th e y  
c o n s id e re d  w ou ld  have an e f f e c t  on th e  f e r t i l i t y  o f  th e  a n im a l. An 
example o f  t h i s  in  stu d ies  rep o rted  here  is  th a t  a common ty p e  o f  
a b n o rm a lity  found  on g ro ss  e xa m in a tio n  o f  th e  t r a c t  was th e  presence  
o f  p a ra tu h a l cys ts . F a ra tu b a l c y s ts  are a lso  f r e c u e n t ly  found in  
th e  human fe m a le . In  th e  human, th e y  are c o n s id e re d  g e n e ra l ly  to  be 
rem nants  o f  th e  mesonephric tu b u le s  o r  p o r t io n s  o f th e  M u d  la r ia n  
d u c ts  Ci'iovak and R ub in , 1952; Monroe and fp e c to r ,  19B2). Most 
workers c o n s id e r  them harm less, Hov/avc-r, in  1964b, rav.ron rGCcrdsd 
t h a t  in  a s la u g h te rh o u s e  su rve y  o f  518 c a t t le ,  460 o f  '- .liich  had ccen 
s lau g h tered  f o r  f a i l u r e  to  b re ed , 12 had c y s t ic  s tru c tu re s  s u rro u n o ir 'g  
th e  o v id u cts . In  l i i s  cases, these c y s ts  o ften  in v o lv e d  th e  wfiole 
le n g th  o f  the o v id u c t  end in  h is  o p in io n  were in te r fe r in g  w ith  
c o n c e p tio n , However, as w e l l  as f in d in g  c y s ts  on th e  o v id u cts ,
Dawson a lso  found  c y s ts  p re s e n t in  bo th  th e  o v a r ie s  end th e  endcm strium  
o f  th o s e  sane cases and he suggested  t h a t  th e  a e tio lo g y  o f  th e  c y s ts  
i n  t h i s  c o n d itio n  was e n d o c r in o lo g ic a l.  The c y s ts  in  th e  t r a c t s  
exam ined here were most commonly found a t th e  f im b r ia te d  end o f th e  
o v id u c t  and in  th e  m a jo r i t y  o f  cases d id  n o t in f r in g e  on th e  o v ic u c t  
lumen as dem onstra ted  by th e  passage o f  f l u i d ,  and f l u i d  p lu s  p a r t i c le s ,  
T hera  was o n ly  one e x c e n tio n  w 'le ra  th e  c y s t ic  s t r u c tu r e  d id  s u rro u n d  
th e  o v id u c t  ca u s in g  an o b s t ru c t io n  and d id  n o t in  t h i s  case a l lo w  f l u i d  
t o  be passed a lo n g  th e  o v io u c t .  In  th e  d i f f e r e n t  re p o rts  t h e i r  
appearance  may o r  may n o t have been re p o r te d  and sc r e s u lt  in  w ide  
d i f fe r e n c e s  in  recorded a b n o rm a litie s  in  the d i f f e r e n t  surveys.
A n o th e r a so e c t f o r  c o n s id e ra t io n  when v ie w in ?  th e  wide range
4fi
o f r e s u l t s  rep o rted  i s  th e  t im e  when th e  su rve ys  were c a r r ie d  c u t .
I t  appears t h a t  th e  e a r l i e r  surveys, in  g en era l, re p o rt a h ig h e r  
in c ic e n c e  o f  a b n o rm a litie s  C rcberg , 1 3 5 4 . Dav/son, 1355), Many 
changes in  methods o f  tre a tm e n t o f  p roblem s .asso c ia ted  w ith  th e  re p ro ­
d u c t iv e  t r a c t  have o c c u rre d  c u r in g  the  p a s t few  y e a rs . For e x e rc le ,
in  th o  days b e fo re  a  pharm acological l u t e o l y t i c  agen t was a v a i la b le  
th e  method rrost comrcnly used to  shorten th e  In ts r -C E s tro u e  re r io o  
was t h a t  o f iranua l e n u c le a tio n  o f t  he corpus l o t  o u r C ;'o tR rg, 1S54. 
R oberts , 1557; Cawscn, IS o l) ,  T h is  te c h n iq u e  is  l i a b le  to  lo se  tc  
th e  fc n e a t io n  c f  odhesicna w hich  nay range in  s e v e r ity  from s e v e ra l 
f in e  s tra n o c  ly in g  hstw ccn th e  o va ry  and th e  b u rs a , to  n nasc or 
f ib r o u s  t is s u e  com pletely  currounoing o v a ry , b u rse , o v id u c r  ano u ie ru i 
(M obe rr, 1254; Fober'ts, 1957 ), ouch adhesions alm ost c e r ta in ly  have 
an e f f e c t  on o v id u c t  fu n c t io n ,  nowecays nanua l e n u c le a t io n  c f  the  
co rp u s  l u t cum is  unnecessary as in je c ta b le  l u t e o l y t i c  agen ts  are  
a v a i la b le .  T h is  could e x p la in  th e  marked d if fe r e n c e  in  th e  in c ice nc?  
o f  a b n o rm a lit ie s  re p o r te d  in  th e  l i t e r a t u r e  between the t i r e s  when 
e n u c le a t io n  wes b s in g  used f r e c u e n t ly  and no./acays v/hsn i t  i s  h s rx iiy  
e v e r  u n d e rta ke n .
A n o th e r method o f  trea tm ent v;h ich i s  no lo n g e r  c c r r c n ly  
p r a c t is e d  i s  th a t  o f  v/esh ing c u t  t r s  u te ru s  w ith  a s o lu t io n  o f  
L u g c l 's  io d in e  (Genesch and f r i g h t ,  1 9 5 0 .  Iv'orkers have suggested  
t h a t  t h i s  tre a tm en t, i f  c a r r ie d  c u t  on an a n im a l 'where u te r in e  
in f e c t io n  is  p re s e n t ,  may have th e  e f f e c t  o f f lu s h in g  th e  in f e c t iv e  
m a te r ia l  fro m  th e  u te ru s  in to  th o  oviducts [ I ’cborg;, 1254; K o th ari, 
1 3 7 7 ), However, one o f  th e se  a u th o rs  (K o th a r i,  1977) suggested  t 'v ^ i
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in  a n im a ls  where no in f e c t io n  was p re s e n t, i t  may have had s b e n e f ic ia l  
e f f e c t  in  th a t  th e  f lu s h in r  o f  th e  g e n i ta l  t r a c t  w ith  f l u i d  may have 
removed s e c re to ry  m .a te r la l b lo c k in g  th e  c v id u c t  lumen o r  a c tu a l ly  
b ro ken  down adhés ions p re s e n t a t th e  f im b r ia .  I t  is  d i f f i c u l t  to  
sa y  w ith  any c e r ta in ty  w h e th e r the f lu s h in g  c f  th e  u te ru s  w ith  L u g o l's  
s o lu t io n  c o u ld  r e s u l t  in  e it h e r  o f th e  2 c o n d itio n s . However, when 
f lu s h in g  th e  oviducts  in  th e  post-mortem specim ens w ith  dye, on a few  
o c c a s io n s  increased pressure was re q u ire d  to  b r in g  abou t th e  passage 
o f  th e  dye a lo n g  th e  o v id u cts , T h is  re s u lte d  in  th e  s e p a ra t io n  o f
a d h e r in g  f im b r ia  and on in m e d io tc  reductio n  in  the  p re s s u re  re q u ir e s .
Such f in d in g s  te n d  to  sugges t th a t  where adhesions a re  th e  prob lem , 
c a rry in g  o u t i r r i g a t i o n  o f  the  u te ru s  co u ld  be b e n e f ic ia l .  I f  one 
considers th e  f lu s h in g  te c h n iq u e  as be ing  th e  cause o f  in P & c t ic n  
g a in in g  e n t ry  in t o  the o v id u c ts ,  then th is  c o u ld  be another exp lan a tio n  
why in  th e  e a r l i e r  y e a rs , when u te r in e  i r r i g a t i o n  was r o u t in e ly  
c a r r ie d  o u t ,  th e re  were a p p a re n t ly  g re a te r  numbers c f  o v id u ct abnonm ai- 
i t i e s  fou n d  in  cows.
A no th e r f o r e  o f  in f e c t io n  w tiich  has been a s s o c ia te d  w ith  
a b n o rm a lit ie s  c f  th e  oviduct is  tu b e r c u lo s is .  T u b e rc u lo s is  was kncv,n
t o  cause s a lp in g it is  in  c a t t le  (Hewson, 1942a, b j H obcrg , 1954,
R o b e rts , 1955 ). T u b e rc u lo s is  has now been e rad ic a ted  f rs r : '
a lm o s t a l l  th e  c a t t le  p o p u la t io n  in  B r ita in ,  D u rin g  the t im e  i t  
was r e la t i v e l y  corrn>on in  c a t t le  i t  o b v io u s ly  r e s u lte d  in  in c re a s e d  
recorded numbers o f t r a c t s  w ith  a b n o rm a lit ie s  o f th e  o v id u c ts  and so 
i s  a n o th e r reason f o r  a v a r ia t io n  w ith  t im e  o f  re c o rd in g  o f  th e  nunburs 
o f  a b n o rm a lit ie s  fo u n d .
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The in c ic s n c e  o f  o v id u c t  adhesions in  t r a c t s  fro m  cows 
exam ined in  t h i s  s e rie s  was r e la t i v e l y  h ig h  (11.5% ) and o f  th o se  
w i th  h y d r o s a lp in g i t is ,  lo ’w (1%). These f ig u r e s  are lo w e r than  the se  
re p o rte d  by K o th a r i (1977) and g re a te r  than  those c f  Aldahash end 
D e v id  (1 9 7 7 ), The p o c u la r ity  o f herd f e r t i l i t y  c o n t r o l  p rc.'g ranres in  
c a t t l e  V'/ith th e  neeo f o r  mere freq u en t p a lp a t io n  o f  th e  re p ro d u c t iv e  
t r a c t  sh o u ld  perhaps be considered as a cause c f  a b n o rm a lit ie s  seen in  
th e  slaughterhouse su rve ys  c a r r ie d  o u t during th e  p a s t 7 - l i  y e a rs , 
Rough h a n d lin g  o f  th e  o va ry  a t  r e c ta l  p a lp a t io n ,  p a r t i c u la r l y  s h o rtly  
a f t e r  o e s tru s  when a corpus hacm orrhagicum  is  p re s e n t in  th e  cva ip /, 
may cause b leed ing  end subsepuer;t achscions C C cu Ithcrd , 1961). V.'hsrs 
t h i s  was th e  case o n ly  1 ova ry  w ou ld  be a ffe c te d  es the  le s io n s  are  
p roduced  by treum e as cpnosen to  in f e c t io n .
A method o f  d e te rm in in g  w hether th e  oviducts  a rc  p a te n t in  
specimens a f t e r  s la u g h te r  i s  o f  im p o rto n ce in  p ro v in g  w hether th e  
le s io n s  present were l i k e l y  to  cause i n f e r t i l i t y ,  th e  s tu d ie s
c a r r ie d  o u t ,  dye was in je c te d  f re r "  th e  u te r in e  end o f the  c v id u c t  t c  
th e  f i r . t r i a .  A tte m p ts  were mads to  in je c t  th e  dye in  th e  o p p o s ite  
d i r e c t io n ,  th a t  i s  from th e  f im b r ia  to  th e  u te ru s . However, t h i s
te c h n iq u e  was abandoned s in c e  g re e t d i f f i c u l t y  was e ncoun te red  in  e l l  
specim ens te s te d .  I t  has been suggested t h a t  t h i s  i s  due to  the  
anatom y o f  the o v id u c t  in  t h a t  i t  i s  d i f f i c u l t  to  f c r c e  a l i q u id  
fro m  a broad tub e  (am pulla) in t o  e v e ry  narrow  one ( is th r e s )  (K c th a r i,  
1577 ). A lso  a v a lv e  e f f e c t  may be produced by th e  a ng le  adopted by 
th e  mucosal l i n in g  o f  th e  o v id u c t .
The r e s u l t s  obtained fro m  th e  dye in fu s io n  e xp e rim e n t
ay
in d ic a te d  th a t  a r e la t i v e l y  s m a ll number o f  th e  cow c v id u c ts  (7.5% ) 
w ere  t o t a l l y  o c c lu d e d . Of th e s e  o v id u c ts ,  o n ly  4 had m a croscop ic  
le s io n s  thought s u f f i c i e n t  t o  a f f e c t  f e r t i l i t y .  The re m a in d e r 
appeared  m ic ro s c o p ic a lly  normal. An a tte m p t was made to  d e te rm in e  
h i s t o l o g i c a l l y  th e  s i t e  o f  occlusion in  th o se  n o rm a l- lo o k in g  t r a c t s . 
T h is  p roved  unsuccessfu l. In  4 cases th e  dye appeared to  have been 
s te p p e d  a t  some p o in t, a lo ng  th e  is th m u s , t h a t  i s  th e  na rrow  m u scu la r 
area  o f  th e  o viduct enc i t  may be t h a t  th e  s i t e  o f  b lo ckag e  was so 
s m a ll as to  r'emain undetected u n le ss  th e  e n t ir e  le n g th  o f th e  isthmus 
was exam ined h is to lo g ic a l ly .  In  th e  re m a in in g  o v id u c t, the  dye was 
s to p p e d  a t  th e  fim b r ia te d  end by adhesions w h ich  had caused th e  
m ucosa l la y e rs  o f  th e  in fu n d ib u lu m , t o  s t ic k  to g e th e r .  T h is  had not 
been seen on v is u a l in s p e c t io n .  Just why t h i s  ty p e  o f a b n o rm a lity  
occurs is  d i f f i c u l t  to  determ ine,
how ever, p a tency  to  f l u i d  alone does not c o n s t i t u te  norm al 
f u n c t io n  o f  th e  o v id u ct in  th e  l i v i n g  an im al. P atency such as to  
a l lo w  passage c f  th e  cvum i s  n ece ssa ry . A s u s p s n s ic n  c f  p o l le n  
g r a in s ,  s im i la r  in  s iz e  t c  th e  ovum o f th e  ccv/, w ere used to  id e n t ify  
th e  o v id u c ts  unab le  t o  perform  t h i s  requirem ent. In  th e  s tu d ies  
d e s c r ib e d  in  t h i s  th e s is ,  a number o f cow oviducts  w h ich  had dpovsg 
p a te n t  when te s te d  u s in g  an in je c t io n  o f  dye were subsequently founo  
t o  be abnormal t o  th e  e x te n t  th a t  p o l le n  g ra in s  o f  £□ p in  d ia m e te r 
w e re  unab le  to  pass f r e e ly  fro m  1 end o f  th e  o v id u c t  to  th e  o th e r .  
S in ce  a l l  h e i fe r  t r a c t s  o e rm it te d  the  passage o f  p o l le n  g ra in s ,  t h i s  
in f e r r e d  th a t an acqu ired  le s io n  was p re s e n t in  these cow t r a c ts ,  
w h ic h  prevented the  movement o f  p a r t i c le s  w h ile  a llc w in g  th e  passage, 
o f  f l u i d  a lo n e. Two p o s s ib le  ty p e s  o f  le s io n  c c u ld  be c o n s id e re d  ei
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causes f o r  t h i s  o c c u rre n c e . One is  th a t  s tra n d s  o f  c o n n e c tiv e  t is s u e  
a re  p re s e n t in  such an o v id u c t  p ro d u c in g  a rreshwork in  w h ich  th e  
p o l le n  g ra in s  a re  trapped but th ro u g h  w h ich  th e  dye s o lu t io n  can pass 
e a s i ly .  I t  seems re a so n a b le  to  sugges t t h a t  t h i s  ty p e  o f  s e p ta l 
adh e s io n  c o u ld  be caused by rough h a n d lin g  o f  th e  o v id u c t  c u r in g  
r e c t a l  p a lp a tio n , producing b leed ing  in to  th e  o v id u c t  lumen. On the  
o th e r  hand, a p a r t i a l  b lo ckag e  c c u ld  be produced by t ra p p in g  o f  d e b r is  
w i t h in  th e  o v id u c ts .  A p re v io u s  w o rk e r w'ho used th e  in je c t io n  o f  
f l u i d  to  d e te rm in e  oviduct p a te ncy  in  v i t r o  rep o rted  a s l i g h t l y  c ip h e r  
in c id e n c e  compared to  th e  re s u lts  re p o r te d  here and fu r th e r  suggestso  
t h a t ,  fro m  h is to lo g ic a l s tu d ie s  c a rr ie d  o u t,  even more o v id u c ts  'were 
ahnorrnally narrow such t h a t  the ovum would be unable to  pass (Dawson, 
1 9 5 6 ) .
C r i t ic is m s  can be made o f  th e  use o f s la u g h te rh o u s e  samples 
as a means o f o b ta in in g  in fo rm a t io n  regard ing  o v id u ct a b n o rm a litie s .
The o v id u c t ,  a t  p os t-m o rte m , i s  a v e ry  d i f f e r e n t  s t r u c tu r e  compared 
t o  th e  organ in  th e  l i v i n g  a n im a l. In  s e v e ra l c f  th e  slaughterhouse  
specimens, th e  UTJ was m a rked ly  f le x e d  and appeared to  be a b a r r ie r  
t o  th e  passage o f  the  f l u i d .  In  s e v e ra l cases en in c re a s e  in  pr'essv.re 
was re q u ire d  to  fo r c e  the  dye past, T h is  may o r  may n o t be s ig n i f ic e r d  
i n  th e  l i v i n g  a n im a l.
F u rth e rm o re , a l l  slaughterhouse surveys have th e  disadvantage  
t h a t ,  as many d a iry  cows are  c u l le d  f o r  i n f e r t i l i t y ,  th e  inc idence o f 
a b n o rm a lit ie s  p re s e n t in  th e  a b a t t o i r  may be h ig h e r  then those  found  in  
th e  average d a i r y  herd. However, th e  r e s u l t s  re p o r te d  here from  
exam ination  o f g e n i ta l  t r a c ts  o f 10 cases w ith  a known h is to r y  o f 
i n f e r t i l i t y  in d ic a te  th a t  oviduct le s io n s  do p la y  en im o o r ta n t p a r t  in
45
th e  a e t io lo g y  o f  i n f e r t i l i t y  in  re p e a t b re e d e r cows, s in c e  a 3u% in c id e n c e  
o f  o v id u c t  d ise a se  o f  v a ry in g  s e v e r i t y  was found.
To s u n rra r is e , th e se  s tu d ie s  o f  s la u g h te rh o u s e  specim ens have 
shown t h a t  th e  in c id e n c e  o f o v id u c t  d ise ase  in  th e  a b a t t o i r  end in  a 
s n a i l  sample o f  re p e a t b re e d e r cows is  h ig h . The uso c f  an in  v i t r o
o v id u c t  p a te ncy  t e s t  u s in g  a suspens ion  o f  p a r t i c le s  com parable  to  th e  
s iz e  o f  th e  ovum demonstrated t h a t  p a r t ia l  occlus ion  o r  n a rro w in g  o f  
th e  o v id u c t  can occur where no m acroscop ic  abnorm ality  i s  seen, A 
te c h n iq u e  f o r  assessment o f  oviduct pa tency  in  th e  l i v i n g  a n im a l would 
g iv e  f u r t h e r  in fo rm a t io n  on th e  r e la t iv e  im p o rta n ce  o f c v id u c t  d ise ase  
i n  reoroductivG  d isorders  in  c a t t le .
CHAPTER 3 




3 .1 .1  “  INTRODUCTION -  METHOD 1
Any in v e s t ig a t io n  in t o  th e  r o le  th a t  abnorma 1i t i es o f  th e  
o v id u c t  may p la y  in  i n f e r t i l i t y  in  c a t t le  must c o n ta in  a method f o r  
a s s e s s in g  th e  n o rm a lity  o f  th e  o v id u c ts .  A lth o u g h  th e re  a re  
muiTsrcus re p o rts  in  th e  l i t e r a t u r e  d escrib ing  o v id u c t  pa tency  te s ts  
i n  women, th e re  is  a l im i t e d  amount o f in fo rm atio n  on th e  a p p lic a tio n  
o f  s im i la r  techniques to  c a t t le ,  and in  p a r t ic u la r ,  i n f e r t i l e  c a t t le  
(K o th a r i,  1977; A n s a r i,  1979).
E s s e n t ia l ly ,  th e  th re e  methods d e s c r ib e d  are : the use o f
a i r  in je c te d  in t o  th e  u te ru s  (Hanley, 1953), s ta rc h  g ra in s  in je c te d  
on th e  s u r fa c e  o f  th e  ovary (Kessy and Noakes, 1979) o r dye i n s t i l l s : :  
in t o  th e  u te ru s  (K o th a r i e t  a l ,  1376; kessy and Noakes, 1379). The 
f i r s t  two methods have disadvantages. The in t r o d u c t io n  o f gas even 
a t  low pressure in to  th e  b ov ine  u te ru s  has been shown to  cause 
e n d o m e tr ia l ru p tu re  in  a la rg e  p ro p o r t io n  o f  cases (Rowson, 1942c). 
W ith  re g a rd  to  th e  starch  g ra in  method, a lth o u g h  seme v/oi’ke rs  have 
re p o r te d  a c c u ra te  r e s u l t s  (Kessy and Noakes, 1979 ), s e v e ra l others  
have q u e s tio n e d  i t s  r e l i a b i l i t y  and suggested t h a t  the  p o s i t iv e  io d in -  
r e a c t io n  o b ta in e d  could be due t o  th e  presence c f  starch  in  th e  swab 
used to  w ip e  th e  va g in a  fo llo w in g  the  t e s t ' r a t h e r  th a n  a response to  
th e  p resence  o f  s ta rc h  gra ins  (Jo h ari and Sharma, 1 954 ). There is  
a ls o  th e  q u e s tio n  o f  th e  tim e re q u ire d  b e fo re  a diagnosis  i s  reached 
The use o f  a dye t e s t  appears more prom ising, P re lim in a ry  
r e s u l t s  in d ic a te d  th a t  t h i s  t e s t  is  a c c u ra te  in  d ia g n o s is  o f  
o v id u c t b lo cka g e , req u ires  m in im a l equipment and appears to  be a 
t e c h n ic a l ly  s im p le  procedure (K o th a r i,  1977),
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However w o rk s re  in  t h i s  f i e l d  have used th e  t e s t  o n ly  on cows o f known 
f e r t i l i t y  oi" a n im a ls  in  w h ich  s u rg e ry  was used to  a r t i f i c i a l l y  d is r u p t  
th e  p a te ncy  o f  th e  o v id u c ts  p r i o r  to  c a r ry in g  o u t th e  t e s t .  As y e t  
no su rv e y  has been done w h ich  r e la te s  th e  in c id e n c e  o f  o v id u c t  
a b n o rm a lity  in  rep ea t b re e d e r cows to  th a t  fou n d  u s in g  in  v i t r o  methods 
on s la u g h te rh o u s e  specimens.
A lso, s in c e  th e  dye t e s t  was o r i g in a l l y  used as a t e s t  
o f  kidney fu n c tio n , i t  is  necessary  to  o b ta in  some in fo rm a t io n  on 
r a te s  o f  th e  u r in a r y  e x c re t io n  o f  PSP dye in  c a t t le .
T h e re fo re , th e  aims in  u s in g  t h is  t e s t  in  rep ea t b re e d e r 
cows were f i i e t l y ,  to  a tte m p t to  v a l id a te  th e  p re lim in a ry  r e s u l t s  
o b ta in e d  by o th e rs , and show th a t  th e  technique was s u i ta b le  in  
a s s e s s in g  a cow 's  f e r t i l i t y ,  s e c o n d ly , to  determ ine the  incidence  
o f  o v id u c t  a b n o rm a lity  in  such a p o p u la t io n  o f  cows ; and t h i r d l y ,  
by  th e  use o f  in tra v e n o u s  end in tra p e r ito n o a l i n je c t io n  o f  dye, and 
d e te c t in g  i t s  p resence  in  th e  u r in e ,  a c q u ire  some know ledge o f  th e  
r a t e  o f  u rin a ry  e x c re t io n  in  th e  cow and i t s  a p p l ic a t io n  to  d ia g n o s is  
o f  o v id u c t p a te n cy ,
3.1.2 - MATERIALS AHO METHODS
A nim a ls
Cows o f  various  breeds, ages and p a r i t y  were used. A t 
a p p ro p r ia te  in t e r v a ls  th e  re p ro d u c t iv e  s ta te  o f  th e  m a jo r i t y  o f  th e  
a n im a ls  was d e te rm ine d  by b e h a v io u ra l observations and by r e c t a l  
p a lp a t io n  o f  th e  rep ro d u ctive  t r a c t .  These a n im a ls  were re fe rre d  
cases o f  i n f e r t i l i t y  fro m  v e te r in a r y  p r a c t i t io n e r s .  Ani r a Is  were
t r e a te d  a t  a l l  stages o f  the o e s tro u s  c y c le .
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Prepaz-'ation o f  th e  PSP dye;
0 .3  g o f  pheno l re d  (pH range 6 ,8 -8 .4  B .O .H , C hem ica ls ) and 
4 r 2005 g o f  sodium  b ic a rb o n a te  anhydrous were d is s o lv e d  in  1 ,000 rni 
o f  d e io n is e d  w a te r  and th e  s o lu t io n  m ixed by s h a k in g . I t  was then  
f i l t e r e d  th ro u g h  a 0„45p H i l l i p o r e  f i l t e r .  In  a d d it io n  th e  dya was 
a g a in  s t e r i l i s e d  by p la c in g  in  u n iv e rs a l b o t t le s  and a u to c la v in g  f o r  
15 m in u tes  a t  15 Ib /s q  in c h  a t  121°C in  a p o r ta b le  steam  s t e r i l i s e r  
( T h a c k e ra y ).
P re p a ra t io n  o f  Ir) sodium  h y d ro x id e  (HaOH) ;
40 g o f  sodium  h y d ro x id e  were d is s o lv e d  in  1 ,000 ml o f  
d B i on i G cd v/at b r .
Equipm ent used in  th e  dye t e s t ;
PSP dye s o lu t io n  
IM sodium  h y d ro x id e  
H e ils o n  c a th e te r
G ibbon c a th e te r  (2 v;ay 14 gauge, F r a n k l in s ,  H igh k'yccmbe)
20 ml s y r in g e s  
U n iv e rs a l b o t t le s
pH p a p e r (range  6 -6 , BOH C h e m ica ls ).
M ethod f o r  s t e r i l i s a t i o n  o f  equ ipm ent:
h e iIs o n  c a th e te rs  ; These were packed in  in d iv id u a l  p o ly th e n e  bags 
w h ic h  wcrf5 se a le d  w ith  te r rp e ra tu ro  in d ic a t o r  to p s  and s t e r i l i s e d  in  
a v e r t i c a l  steam  s t e r i l i s e r  (T h a cke ra y ),
F o ly te x  c a th e te rs ;  These were packed as d e s c r ib e d  above end s t e r i l i s e ;  
u s in g  e th y le n e  o x id e  a t  55°C f o r  1 h o u r in  a V ic t o r ia  e th y le n e  o x id e  
s t e r i l i s e r  H ark I I .
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P re p a ra t io n  o f  a n im a ls :
The t e s t  was c a r r ie d  o u t e i t h e r  w ith  th e  anim al h a lte re d  
and re s t ra in e d  in  a c a t t le  c rush  o r  h a lte re d  in  a stance in  th e  b y re . 
H e r t a i l  was t ie d  to  th e  h a l t e r  to  keep th e  p e r in e a l a rea  c le a n  and 
th e  perineum  and v u lv a  c leaned  w ith  a d i lu t e  s o lu t io n  o f  Savlon 
(c h lo rh e x id in e  /c e tr im id e  IC I L td , ,  M a c c le s f ie ld ,  C h e s h ire ) .
Conduct o f  th e  te s ts
A 14 gauge Gibbon c a th e te r  was in s e rte d  in t o  th e  u re th ra ,  
th e  c u f f  in f la t e d ,  th e  b lad d er errptied and an i n i t i a l  u r in e  sample 
ta k e n . The c a th e te r  was l e f t  in  s i t u .
A g lo ve d  hand was in s e r te d  in to  th e  rec tum  and th e  c e r v ix  
g ra sp e d . The l^ c ils o n  c a th e te r  was in troduced in to  th e  va g in a  and 
m a n ip u la te d  th ro u g h  th e  c e r v ix  in t o  th e  u te ru s , The f.’e i ls o n  
c a th e te r  was m a in ta in e d  in  th e  body o f  th e  u te ru s  w h i le  th e  dye was 
i n s t i l l e d ,  u s in g  a 20 m l s y r in g e .
The amount o f  dye i n s t i l l e d  was t h a t  s u f f i c i e n t  to  cause 
p a lp a b le  d is te n s io n  o f  th e  u te ru s  end thu s  v a r ie d  depend ing on th e  
s iz e  o f  th e  u te ru s , The amount re q u ire d  v/as g e n e ra lly  between 20 end 
5Ü m l. F o llo w in g  th e  i n s t i l l a t i o n  o f the dye, 10 m l o f  a i r  was 
in je c te d  in  o rd e r t o  ensure  th a t  no dye rem ained in  th e  c a th e te r ,
The c a th e te r  was th o n  removed,
A second u r in e  sample was taken 5 m in u te s  a f t e r  i n s t i l l a t i o n  
o f  th e  dye  and f u r t h e r  sam ples were c o l le c te d  a t  15, 30, 45, CO and 
9 0 m in u te s . The b la d d e r  was em ptied  a t each s a m p lin g . The pH o f  
th e  u r in e  was te s te d ,  and a fev; d rops o f  HaOH were added to  any w h ich  
were s l i g h t l y  a c id ic .  The c o lo u r  o f  the  u r in e  was assessed v is u a l ly
f o r  th e  re d  c o lo u r  o f  th e  eye. Two p o s i t iv e  sam ples were, c o l le c te s  
b e fo re  s to p p in g  u r in e  c o l le c t io n  and i f  no dye had been d e te c te d  by 
9 0 m in u te s , th e  t e s t  was considered t o  be n e g a t iv e .
The assessment o f n o n r a l i t y  o r  o th e rw is e  was based on 
c o n c lu s io n s  c f  K o th a r i (.19773 end th e  t e s t  re p e a te d  on 2 more occas ions  
b e fo re  a d ia g n o s is  o f  o v id u c t  blockage was ra c e .
P os t-m orte m  assessm ent o f  o v id u c t  p a te n cy ;
G e n ita l t r a c t s  fro m  ce re  were exenfned  f o r  th e  presence  o f  
any g ro ss  c b n c r r r o l i t ie s  a t  v e r / in g  in t e r v a ls  f o l lo w in g  dye te s t s .
The horns o f  th e  u te re s  were c u t open and the? lumen checkeo f o r  th e  
p rsse n ce  c f  dye. The pa tency  o f  th e  o v id u c ts  was then c o tc rm in e d  as 
p r e v io u s ly  d e s c r ib e d  (C n a p te r 2 3 u s in g  dye s o lu t io n  fo llccvG d by e i ; c l ls  
g r a in  su spens ion  in  th e  case o f  ap p aren tly  norm al o v id u c ts ,
I n t r a p e r i t o n o a l  and in tra v e n o u s  in je c t io n  o f  dye:
Anima ls  : F o u r cows o f  d i f f e r e n t  b reeds and body w e ig h ts  'were te s te d
a t  2 s ta g e s  o f  th e  o e s tro u s  c y c le .  The body c o n d it io n  o f  each a n im a l 
was assessed u s in g  th e  method o u t l in e d  by Lcvman, S c o tt  and S o m e rv il le  
(19733.
Con du c t of  th e  t e s t ;  R e s t ra in t  o f  th e  a n im a l and b la d d e r  c a th s te r is -  
a t io n  were as C B scribcd  p re v io u s ly ,
20 ml c f  PSP dye v.'es in je c te d ,  u s in g  a 19 gauge, 11 in c h  
n e e d le , in t o  th e  ju g u la r  v e in  c r  in t r a p e r i t o n e a l ly  in t o  th e  sub lum ber 
fo s s a  on th e  r ig h t  s id e .  U r in e  samples were dra '^wn o f f  c o n t in u a l ly  
fro m  th e  b la d d e r  u s in g  a 20 ml s y r in g e ,  a few  d rops o f ifaOK added, and 
th e  t im e  no ted  a t  w h ich  th e  dye f i r s t  appeared.
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3 .1 .3  "  RESULTS
T a b le  3 .1 ,1  shows th e  d e ta i le d  r e s u l t s  o f  th e  dye t e s t  
c a r r ie d  o u t on a t o t a l  o f  33 a n im a ls . The e a r l ie s t  t im e  a t  w h ich  
dye was seen in  th e  u r in e  fo l lo w in g  i t s  i n s t i l l a t i o n  in t o  th e  
u te ru s  was 30 m in u te s . The amount o f  dye re q u ire d  in  o rd e r  to  
cause u te r in e  d is te n s io n  v a r ie d  fro m  20 m l to  50 m l. In  a h ig h  
p r o p o r t io n  o f  th e  cases, th e  t e s t  was unab le  to  be com p le ted  dug to  
le a kag e  o f  dye fro m  th e  c e r v ic a l  os. In  a number c f  an im a ls  th e  
u r in e  was sampled a t  35 m in u te s , u s u a lly  due to  d i f f i c u l t i e s  in  
w ith d ra w in g u r in e .
A summary o f  th e  r e s u l t s  c o n ta in e d  in  th e  p re v io u s  ta b le  
con be seen in  T a b le  3 ,1 ,2 .  The number o f  an im a ls  d iagnosed  as
h a v in g  b i l a t e r a l l y  b lo c k e d  o r  u n i la t e r a l l y  b lo c k e d  o v id u c ts  is  in  
excess o f  th o se  d iagnosed  as h a v in g  norm al o v id u c ts  (33,4% o f  
36 .4% ). The nunioei" o f  in c o n c lu s iv e  cases amounts to  24,2% o f  th e  
t o t a l  n u rd je r o f  an im a ls  dye te s te d .
R e s u lts  o f  a p p l ic a t io n  o f  th e  dye t e s t  cortpared to  p o s t 
m ortem  assessm ent o f  pa tency  in  15 cows is  shown in  T a b le  3 .1 .3 ,
In  th e  6 a n im a ls  where th e  c l i n i c a l  t e s t  had in d ic a te d  b i l a t e r a l  
p a te n c y  p o s t mortem e xa m in a tio n  co n firm e d  th e  d ia g n o s is .  However, 
o f  th e  5 a n im a ls  d iagnosed  as cases o f  b i l a t e r a l  b lo c k a g e , 3 were 
fo u n d  to  have p a te n t o v id u c ts  a t  p o s t mortem (16 , 22, 2 3 ) . In  th e  
re m a in in g  ?.. a n im a ls  th e  c l i n i c a l  t e s t  r e s u l t s  were co n finm ed .
T a b le  3 .1 ,4  shov/s th e  r e s u l t s  o f  th e  dye t e s t  c a r r ie d  o u t 
a t  d i f f e r e n t  s ta g e s  o f  th e  o e s tro u s  c y c le  in  a random sample o f  cow- 
I n  o n ly  1 case (3 ) i s  th e re  a d if fe re n c e  in  th e  t im e  take n  f o r  th e
dye to  appea r when th e  t e s t  v/as re p e a te d  a t  a d i f f e r e n t  s ta g s  o f  -
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th e  c y c le .  Note th a t  th e  2 cases in  w h ich  th e  t e s t  was in c o n c lu s iv e  
w ere  tho se  te s ts  w h ich  were c a r r ie d  o u t a t  2 s tag e s  o f  th e  oestrous  
c y c le  w ith  no d i f fe r e n c e  in  th e  r e s u l t .  In  1 case (27) a d ia g n o s is  
o f  b i l a t e r a l  b lo ckag e  made on te s ts  conducted  d u r in g  d io e s tru s  ano 
o e s tru s  was n o t c o n firm e d  a t  s la u g h te r .
The r e s u l t s  o f  in t r a p e r i t o n e a l  and in tra v e n o u s  in je c t io n  
o f  dye a re  seen in  T ab le  3 ,1 .5 .  A f t e r  in tra v e n o u s  in je c t io n ,  dye was 
in v a r ia b ly  seen in  th e  u r in e  by 5 m in u te s . In  2 a n im a ls  (1 and 2) 
th e re  was a marked d e la y  in  th e  t im e  th e  dye appeared fo l lo w in g  th e  
i n i t i a l  in t r a p e r i t o n e a l  in je c t io n .  On re p e a t in g  the  in je c t io n  dye 
in v a r ia b ly  appeared w i t h in  7 m in u te s . I t  was assumed th a t  in  th e se  2 
a n im a ls  th e  f i r s t  in je c t io n  had n o t been in to  th e  p e r i to n e a l c a v ity .  
There  is  no a pp a re n t d i f fe r e n c e  in  th e  tim e  take n  f o r  th e  dye to  be 
absorbed  fro m  th e  p e r i to n e a l c a v ity  between cows o f d i f f e r e n t  b reed  
o r  body s c o re , o r  a t  d i f f e r e n t  s tages  o f  th e  o e s tro u s  c y c le .
P la te  3 .1 .1  shows th e  c e r v ic a l  os and a n t e r io r  v ag in a l 
a re a  o f  1 o f  th e  in c o n c lu s iv e  cases where th e  dye p oo le d  back in to  
th e  a n t e r io r  v a g in a . Photographs were take n  im rn e d ia te ly  fo l lo w in g  
i n s t i l l a t i o n  o f  th e  dye in t o  th e  u te ru s . The dye can be seen 
p o o lin g  in  th e  a n t e r io r  va g in a  and around th e  e x te rn a l os o f  th e  
c e rv ix .
P la te  3 .1 .2  i s  th e  g e n i t a l  t r a c t  fromi 1 o f  th e  C l'ia ro la is  
cases w h ich  was s la u g h te re d  3 weeks a f t e r  a dye t e s t  w h ich  gave a 
n e g a tiv e  r e s u l t . A la rg e  amount o f  dye is  s t i l l  p re s e n t in  th e  
u te r in e  n o m s , and th e  o v id u c ts  c o n ta in  no dye. The o v id u c ts  were 
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P la te  3 .1 .1  The c e rv ic a l os and a n te r io r  vagina o f a cow
im n ed ia te ly  fo llo w in g  in s t i l l a t io n  o f the dye intc  
the  u te ru s . Ttoe dye is  pooled in  the  a n te r io r  
vagina end around the e x te rn a l os o f the c e rv ix .
EJ
P la te  3 .1 .2  The re rro G u c tiv e  t r a c t  from a ccw s lau g h tered  3 weeks 
-^cllcv/ing a n eg ative  re s u lt  to  the  dye t e s t .  Dye 
is  cooled in  the u te r in e  horns.
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3 .1 .4  -  DISCUSSION
U sing  th e  dye t e s t  as d e s c r ib e d  by K o th a r i e t  a l  (1978) 
i n i t i a l l y  v a r io u s  p rob lem s m a in ly  o f  te c h n iq u e  were e nco u n te re d , Thes< 
m a in ly  c o n s is te d  o f d i f f i c u l t y  in  p a ss in g  th e  c a th e te r  th ro u g h  th e  
c e r v ix  in  c e r ta in  cows, and in  c a th e te r is a t io n  o f  th e  b lad d er.
However th e se  were q u ic k ly  reso lved  w ith  experience and s u b se q u e n tly  
a la rg e  n u n te r  o f dye te s ts  were performed on cows o f  v a r io u s  breeds 
and a t  d i f f e r e n t  s tag e s  o f  th e  oestrous c yc le . In  t o t a l  33 cows were
te s te d , many o f  them  on a t  le a s t  3 occasions. The b ig g e s t problem
encountered when c a rry in g  o u t t h i s  fo rm  o f  dye t e s t  was the la rg e  
n umb'Br o f  cases where the t e s t  had to  bo abandoned duo to  th e  escape 
o f  dyo fro m  th e  c e r v ix ,  f o l lo w in g  i t s  i n s t i l l a t i o n  in t o  th e  u te r in e  
body, N o rm a lly  th e  c e rv ix  in  th e  ccw is  o n ly  d ila te d  during oestrus  
(A r th u r ,  1975) and escape o f  dye from th e  u te ru s  backwards in t o  th e  
v a g in a  d id  o c c u r in  th e  s e v e ra l cases where the  t e s t  was c a r r ie d  c u t 
w i th  cows in  o e s tru s .  However i t  also  happened in  some p lu rip aro u s  
ccAvs known to  be in  d io e s tru s  by th e  c irc u la t in g  plasm a progesterone  
le v e ls  a n d /o r  th e  p re se n ce  o f  a p a lp a b le  coiqcus lu teu rn  in  one o f  th e  
o v a r ie s .  O b v io u s ly  t h i s  n u l l i f i e d  th e  te s t  s in c e  u r in e  samples ta ke n  
a f t e r  t h i s  c e rv ic a l b a c k flo v / may have been contam inated, K o th a r i e t  
a l ,  1973, made re fe re n c e  to  such happenings in  cows w h ich  th e y  had 
t e s te d  and suggested  th a t  i t  c o u ld  be overcome by packing th e  a n t e r io r  
v a g in a  w ith  s t e r i l e  swabs. Ifhon t h i s  was a tte m p te d  in  th e  s tu d ie s  
d e s c r ib e d  he re  in v a r ia b ly  th e  cow s t r a in e d ,  f o r c in g  even g re a te r  
amounts o f  dye th ro u g h  th e  c e r v ix .  U s u a lly  th e  e x p u ls io n  o f  dye 
fro m  th e  c e r v ix  occurred a lm o s t im m e d ia te ly  a f t e r  i n s t i l l a t i o n ,  b u t in  
a few  o cca s io n s  a gradual seepage o f  dye from th e  c e r v ix  was seen
62
re n d e r in g  th e  second o r  t h i r d  samples o f  u r in e  in c o n c lu s iv e  even 
a lth o u g h  th e  f i r s t  sample had been c le a r .  In  th o s e  cows in  
d io e s t r u s  in  w h ich  t h i s  b a c k flo w  o f  dye o c c u rre d  i t  w ou ld  seen lo g ic a l  
t o  sugges t t h a t  th e y  had an a b n o rn a li ty  o f  th e  c e r v ix  i t s e l f .  The 
u te ru s  a t  d io e s tru s  is  unde r th e  in f lu e n c e  o f  p ro g e s te ro n e  and is  
f a r  more s u s c e p t ib le  to in f e c t io n  tha n  d u r in g  o e s tru s  (Rowson,
La rm ing  and F ry , 1953; Hawk, E r in s f ie ld ,  T u rn e r , W hitm ore and h 'o rc ro ss j 
1 9 5 4 ). A d i la t e d  c e r v ix  a t  t h i s  s ta g e  o f  th e  c y c le  may th e re fo re  
be th e  means by w h ich  a s u b c l in ic a l  u te r in e  in f e c t io n  is  e s ta b lis h e s  
due to  ascen d in g  in f e c t io n  fro m  th e  v a g in a . A la rg e  p e rcen tag e  
o f  th e  cows w ith  t h i s  p a r t i c u la r  problem were repeat breeders. In  
o n ly  a few  o f  th o se  cows where b a c k flo w  o c c u rre d  d id  endoscop ic  
e x a m in a tio n  o f  th e  c e r v ic a l  region give some in d ic a t io n  as to  th e  cause, 
The f in d in g s  varied fro m  a p a r t i a l  t o  a com p le te  p ro la p s e  o f  th e  
c e r v ix  backward in t o  th e  v a g in a . However in  th e  m a jo r i t y  o f  a n im a ls  
no e x p la n a t io n  was found  on m acroscop ic  e x a m in a tio n . O b v io u s ly  t h i s  
i s  an a rea  r e q u ir in g  f u r t h e r  investigation.
In  th e  re m a in in g  25 a n im a ls  in  w h ich  no c e r v ic a l  b a c k flc w  
had o c c u rre d  and th e  t e s t  was c a r r ie d  o u t t o  i t s  c o n c lu s io n ,  a t o t a l  
o f  13 appeared to  have o v id u c t  a b n o rm a lit ie s .  T h is  in d ic a te d  an 
in c id e n c e  o f  abnorm al o v id u c ts  in  t h i s  group o f  cows o f  o v e r  50%.
Even w ith  th e  knowledge t h a t  th e se  an im a is  w ere a l l  lo n g  s ta n d in g  
cases o f  i n f e r t i l i t y  t h i s  w ou ld  seem an extremely h ig h  in c id e n c e  o f  
o v id u c t  d is e a s e . However, in  3 a n im a ls  ( IB , 22, 23) in  which th e
c l i n i c a l  te s ts  had in d ic a te d  bilateral o v id u c t  b lo cka g e  on a t  le a s t  
3 o cca s io n s  subsequen t pOst mortem e x a m in a tio n  o f  th e  o v id u c ts
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re v e a le d  b i l a t e r a l  p a te n c y . In  a d d it io n  i t  was n o te d  t h a t  no dye 
rem a ined  in  th e  u te ru s  o f  th e se  3 a n im a ls . T h is  is  in  c o n t ra s t  to  
2 o th e r  a n im a ls  (16 , 19] s la u g h te re d  fo l lo w in g  n e g a tiv e  r e s u l t s  where 
dye was seen to  re m a in  in  th e  u te r in e  lumen f o r  as lo n g  as 3 weeks 
a f t e r  th e  dye t e s t .  T h is  in d ic a te s  th a t  e n d o m e tr ia l a b s o rp t io n  o f  dye 
p roceeds  v e ry  s lo w ly ,  i f  a t  a l l ,  and th a t  th e  dye in  th e  3 cases above 
d id  indeed  pass th ro u g h  th e  o v id u c ts  in t o  th e  p e r i to n e a l  c a v i t y .  As 
o n ly  5 o f  th e  a n im a ls  g iv in g  a n e g a tiv e  r e s u l t  were s la u g h te re d  th e  
a ccu ra cy  o f  a d ia g n o s is  o f  b i l a t e r a l  b lockage  in  th e  re m a in in g  6 must 
be s u s p e c t. There a re  s e v e ra l p o s s ib le  e x p la n a tio n s  f o r  tn e  
o c c u rre n c e  o f  th e se  fa ls e  n e g a tiv e  r e s u l t s .
F a lse  n e g a tiv e  r e s u l t s  o f  dye te s ts  have been re co rd e d  by 
o th e r  w o rke rs  b u t in  t h e i r  cases th e y  o c c u rre d  o n ly  when th e  t e s t  was 
c a r r ie d  o u t a t  o e s tru s  (Kessy and Noakes, 1979). They suggested  th a t  
t h i s  was due e i t h e r  to  a tu b a l  lo c k  a t  th e  is th r ro e m p u lia ry  ju n c t io n  c r  
t o  in c re a s e d  oedema p re s e n t a reund th e  u te ro tu b a l ju n c t io n  a t  o e s tru s  
p ro d u c in g  a p h y s ic a l b a r r ie r  to  th e  passage o f  th e  f l u i d .  There a re  
tw o  reasons to  su gg e s t th a t  t h i s  was n o t th e  e x p la n a t io n  in  the se  
s tu d ie s .  One, th e  te s ts  were; c a r r ie d  o u t a t  a l l  s ta g e s  o f  th e  
o e s tro u s  c y c le  w ith  th e  seme r e s u l t ,  and tv /o , when th e  t e s t  was done 
in  a number o f  o th e r  a n im a ls  a t  o e s tru s , p o s i t iv e  r e s u l t s  were o b ta in e d ,
There  a rc  s e v e ra l fa c to re  w h ich  may a f f e c t  th e  movement c f  
th e  dye th re u g h  th e  o v id u c t .  The amount o f  dye i n s t i l l e d  in to  th e  
u te ru s  must be s u f f i c i e n t  to  cause u te r in e  d is te n s io n  (K o th a r i,  1577). 
T h is  in  tu r n  s t im u la te s  u te r in e  c o n tra c t io n s  v.’h ic h  fo r c e  th e  dye p a s t 
th e  u te ro tu b a l ju n c t io n .  In  a l l  th e  dye te s ts  pei'Y’ormed in  the se
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s tu d ie s  s u f f i c i e n t  dye was in je c te d  to  cause u te r in e  d is te n s io n .
D u rin g  th e  t e s t  th e  dye must pass fro m  an organ o f  a la rg e  d ia m e te r, 
t h a t  i s  th e  u te ru s , to  one o f  a v e ry  s r r a l l  in t e r n a l  d ia m e te r , th e  
o v id u c t .  In  o rd e r  f o r  t h i s  to  o c c u r r a p id ly  enough f o r  a s u f f i c i e n t  
dye c o n c e n tra t io n  t o  b u i ld  up in  th e  u r in e  to  be d e te c te d  v is u a l l y ,  
a c e r ta in  amount o f  p re s s u re  is  needed. T h is  is  b ro u g h t abou t by th e  
c o m b in a tio n  o f  u te r in e  c o n t ra c t io n s  s t im u la te d  by th e  presence o f  th e  
d ye , and th e  speed a t  w h ich  th e  dye is  i n s t i l l e d  in t o  th e  u te ru s .
In  a l l  cases, th e  dye v/as i n s t i l l e d  r a p id ly  u n t i l  u te r in e  d is te n s io n  
had been a c h ie v e d , so i n s u f f i c i e n t  p re s s u re  and amount o f  dye is  
u n l ik e ly  to  be th e  e x p la n a tio n  f o r  th e se  fa ls e  n e g a tiv e  r e s u l t s .
The p resence  o f  th e  dye in  th e  u r in e  is  assessod v is u a l l y  
and i t s  d e te c t io n  depends on th e  amount o f  u r in e  presen t in  th e  
b la d d e r ,  th e  pH o f  th e  u r in e  and th e  c o n c e n tra t io n  o f  th e  dye b e in g  
used . O b v io u s ly  th e  f u l l e r  th e  b la d d e r  the n  th e  g r e a te r  th e  d i lu t io n  
o f  th e  dye w i l l  be. In  thsss3 s tu d ie s  th e  b la d d e r  was em ptied  
b e fo re  in je c t in g  th e  dye and a t  each u r in e  s a m p lin g . A lth o u g h  i t  
i s  d i f f i c u l t ,  to  a s c e r ta in  i f  th e  b la d c e r  has been c o m p le te ly  
e m p tie d  most o f  th e  u r in e  w i l l  be removed and th e  u r in e  re m a in in g  
s h o u ld  n o t be s u f f i c i e n t  t o  mask th e  p resence o f  th e  dye. PSP 
dye is  v i s i b le  o n ly  in  an a lk a l in e  u r in e .  ' The m a jo r i t y  o f  cows tiave 
a lk a l in e  u r in e  b u t in  a ry  case th e  pH was a lw ays te s te d  and any 
sa sy ile s  w h ich  v.'ere s l i g h t l y  a c id ic  were t r e a te d  w ith  sodium  h y d ro x io e . 
The c o n c e n tra t io n  o f  dye used was s ta n d a rd  f o r  each t e s t  so t h i s  
w o u ld  be u n l ik e ly  to  be a cause o f  f a i l u r e  to  d e te c t  any dye w h ich  
was p re s e n t.  One o th e r  p o s s ib le  e x p la n a tio n  f o r  f a ls e  n e g a tiv e
r e s u l t s  c o u ld  be a spasm o f  th e  u te ro tu b a l ju n c t io n  fo l lo w in g  th e  
i n s t i l l a t i o n  o f  th e  dye in t o  th e  u te ru s .  T h is  has been shown to  
o c c u r  q u i te  o f te n  in  human p a t ie n ts  when s im i la r  te c h n iq u e s  have been 
em ployed to  assess o v id u c t  p a te ncy  g iv in g  a h ig h  number o f  fa ls e  
n e g a tiv e  r e s u l t s  (Hermann^ Spadoni and S m ith , 1S69; A n sari, 1979) 
and is  d e te c te d  in  th e  human by th e  use o f  h y s te rc s a lp in g o g rs p h y . 
H y s te ra s a lp in g o g ra p h y  has not y e t been dem onstra ted  in  c a t t le .  Thus 
i t  i s  d i f f i c u l t  t o  p in p o in t  w ith  any accu racy  th e  reason f o r  the  
o c c u rre n c e  o f  the  f a ls e  n eg ative  r e s u l t s  o b ta in e d  in  th e se  3 a n im a ls .
In  the w ork described by K o th a r i e t  a l  (1 9 7 8 ), d ia g n o s is  
o f  b i l a t e r a l  o v id u c t  patency was made when dye was d e te c te d  in  th e  
u r in e  a t  15-30 m inu tes  fo l lo w in g  i t s  i n s t i l l a t i o n .  In  t h i s  s tu d y
th e  e a r l ie s t  t im e  a t  w h ich  dye was d e te c te d  was 30 m in u tes
a lre a d y  p o in te d  o u t v is u a l  in t e r p r e ta t io n  was th e  c r i t e r io n  used 
f o r  th e  presence o f  th o  dye and t h is  may be c r i t i c i s e d  as b e in g  to o  
s u b je c t iv e .  C e r ta in ly  o th e r  w o rke rs  have s tre s s e d  th e  importance 
o f  th e  USB o f  s p e c ia l is e d  equipment such as a c o lo r im e te r  to  p ic k  
up th e  s l ig h t e s t  t ra c e s  o f  dye in  th e  u r in e  and t h i s  may h e lp  to  
s ta n d a rd is e  th e  e x a c t tim e a t  w h ich  th e  dye does appear (Kessy and 
Noakes, 1979). However i t  a ls o  ta k e s  the  te c h n iq u e  f u r t h e r  o u t 
o f  reach  o f  th e  p r a c t is in g  c l i n i c i a n  who may w ish  to  use i t  as an 
on fa rm  te c h n iq u e .
K o th a r i (1977) suggested  th a t  a d e la y  in  th e  appearance 
o f  th e  dye in  th e  u r in e  may in d ic a te  a u n i la t e r a l  b lo cka g e , however, 
w h i le  t h i s  may be so , i t  c o u ld  e q u a lly  w e l l  be due to  a n a rro w in g  o f  
b o th  o v id u c ts .
66
Once th e  dye has passed a lo n g  th e  o v id u c ts  i t  is  absorbed 
fro m  th e  p e r i to n e a l c a v i t y  e x tre m e ly  r a p id ly .  S tu d ie s  in  t h i s  
t h e s is  have shown th a t  th e  r a te  o f  a b s o rp tio n  is  n o t a f fe c te d  by 
th e  body c o n d it io n  o f  th e  an im al, and so any d e la y  in  th e  appearan-: 
o f  th e  dye in  th e  u r in e  i s  u n l ik e ly  t o  be due to  t h i s .  A lso  th e  
s ta g e  o f  th e  o e s tro u s  c y c le  appears to  have no e f f e c t  on the speed 
a t  w h ich  th e  dye is  absorbed th ro u g h  th e  p e r ito n e u m  o r  excreted  by 
th e  k id n e ys  fo l lo w in g  in travenous in je c t io n . These r e s u l t s  agree 
w i th  those o f  o th e r  w o rke rs  ix n e r  and Andersen, 195S; K c th ari 
e t  a l ,  1978; Kessy and koakes, 1979),
A lth o u g h  t h is  tech n iq u e  was a c c u ra te  in  a number c f  
a n ir ra ls  w ith  b i la t e r a l  o v iduct blockage, i t  d id  p roduce  some fa ls e  
n e g a tiv e  r e s u l t s ,  was unable t c  be used in  c e r ta in  a n im a ls  w ith  
c e r v ic a l  d i l a t i o n  and was n o t a b le  to  diagnose a c c u ra te ly  cases c f  
u n i la t e r a l  b lo cka g e . T h erefo re  i t  could n o t be recommended as a 
d ia g n o s t ic  t e s t ,  th e  r e s u l t s  o f  w h ich  co u ld  d e te rm in e  th e  fu tu r e  o f  
th e  a n im a l.
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3 .2 .1  -  INTRODUCTION -  METHOD 2
From th e  r e s u l t s  o b ta in e d  in  th e  p re v io u s  s e c t io n  i t  was 
c le a r  t h a t  th e  dye t e s t  as d e s c r ib e d  by K o th a r i e t  a l  (1378) had 
s e v e ra l d is a d v a n ta g e s , A m o d if ie d  te s t  was necessa ry  w h ich  c o u ld  
overcome these, so m aking p o ss ib le  th e  a c c u ra te  d ia g n o s is  o f  b o th  
u n i la t e r a l  and b i la t e r a l  o v id u c t  pa tency  in  a l l  a n im a ls , regard less  
o f  th e  degree o f  d i l a t io n  o f  th e  c e rv ix .
Workers in  th e  f i e l d  o f b ov ine  embig/o t r a n s f e r  lo o k in g  f o r  
a more econom ica l method o f  embryo re c o v e ry  th a n  s u r g ic a l  f lu s h in g  
o f  th e  t r a c t ,  have deve loped  a f l e x ib le ,  c u ffe d  c a th e te r  f o r  non-
s u r g ic a l  use (G rove, Leh rrJenson  and Rasbech, 1977; Newcomb, 1980). TCf 
c a th e te r  i s  in s e r te d  a lo n g  each u te r in e  horn  in  t u r n ,  end th e  c u f f  
i n f la t e d  to  prevent lo s e  o f  th e  re c o v e ry  medium. A n o th e r
w o rk e r  in v o lv e d  in  t h i s  f i e l d  had in d ic a te d  t h a t  th e  use o f  a 
s im i la r  c a th e te r  c o u ld  p e rm it  d ia g n o s is  o f  u n i la t e r a l  b lockage  w ith  no 
p rob lem s o f  b a c k flo w  o f  dye th ro u g h  th e  c e r v ix  (C o u lth a rd , 1 35 J).
T h e re fo re  i t  was decideo to  in co rp o ra te  th e  use o f  such a 
c a th e te r  in  c a rry in g  o u t dye t e s t s  as a means o f  d ia g n o s is  o f  
o v id u c t  p a te n c y .
3 .2 .2  -  MATERIALS AND METHODS
A n im a ls
Cows o f  v a r io u s  breeds and ages were used. In  genera l 
th e s e  were animals re fe rre d  by p r a c t is in g  v e te r in a r y  surgeons as cases 
o f  i n f e r t i l i t y .  The re p ro d u c t iv e  s ta te  o f  each a n i ira l was determ ined  
by  r e c t a l  p a lp a t io n  and any a n im a ls  in  w h ich  g ro ss  a b n o rm a lit ie s  were 
d e te c te d  were excluded. The re m a in in g  a n im a ls  were te s te d  a t a l l
s ta g e s  o f  th e  o e s tro u s  c y c le .
{^ re p a ra t io n  o f  th e  eye and I f :  sodium  h y d ro x id e :
T h is  was c a r r ie d  o u t as p re v io u s ly  d e s c r ib e d .
E qu ipm ent used in  th e  m o d if ie d  dye t e s t :
PSP dye
1m sodium  h y d ro x id e  (NaOH)
S ta in le s s  s t e e l  speculum  (T . A, S a u l, Boston, L in c s . )  
S ta in le s s  s te e l  in t r o d u c e r  (T . A. S a u l, B os ton , L in e s , }
14 gauge 2-way G ibbon c a th e te r  (F r a n k l in s ,  H igh k 'y co n te ) 
60 ml s y r in g e  
20 ml s y r in g e s  
U n iv e rs a l b o t t le s
pH p a p e r (range  6 -8 , PGM C hem ica ls)
M ethod f o r  s t e r i l i s a t i o n  o f  equ ipm ent:
The speculum  end in t r o d u c e r  were packed end s t e r i l i s e d  as 
d e s c r ib e d  f o r  th e  H e ils o n  c a th e te r ,  and th e  G ibbon c a th e te r  as 
d e s c r ib e d  f o r  th e  F o ly te x  c a th e te r .
P re p a ra t io n  o f  th e  a n im a ls :
The cow to  be exam ined was in je c te d  in t ra m u s c u la r ly  w ith  
20  ml o f  h y o s in e -H -b u ty lb io m id s  (Buscopan C o m p o s itio n : B o e h rin g e r
In g e lh e irn ) a p p ro x im a te ly  1 h o u r p r i o r  to  th e  e x e c u t io n  o f  th e  t e s t .  
T h is  was fo l lo w e d  by an in t ra m u s c u la r  in je c t io n  o f  1 .8  m l a c e ty l-  
prom azine(AC P, C -V et) a p p ro x im a te ly  40 m in u tes  la t e r .  The cow was 
th e n  h a lte re d  end p la c e d  in  a c a t t le  c ru s h , w h ich  was ra is e d  25 cm
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fro m  th e  f l o o r  a t  th e  a n t e r io r  end. Im m e d ia te ly  p r i o r  to  perform ing  
th e  t e s t ,  an e p id u ra l in je c t io n  o f  5 -8  ml 2% l ig n o c a in e  C X yloca ine , 
A s t ra  C hem ica ls) was g iven . The t a i l  was t ie d  to  th e  h a l t e r  and 
th e  perineum  was c le a ne d  w ith  a d i lu t e  s o lu t io n  o f  S av lon .
Conduct o f  th e  t e s t :
A 14 gauge F o ly te x  c a th e te r  was in s e r te d  in t o  tn e  u re th ra ,  
th e  c u f f  in f la t e d ,  the b la d d e r  emptied and an i n i t i a l  u r in e  sample 
ta k e n . The c a th e te r  was l e f t  in  s i t u  th ro u g h o u t th e  o p e ra tio n .
A notched  s ta in le s s  s te e l speculum ( P la te  3 ,2 .1 )  was l i g h r l ;  
c o a te d  w ith  lu b r ic a n t  (L u b re l,  D ales P h a rm a c e u tic a ls ) and oassed 
in t o  th e  va g in a  as f a r  as tne c e rv ix . The c e n tre p ie c e  was removed. 
An in t r o d u c e r  (P la to  3 .2 .  Dwas passed a lo n g  th e  specu lum  and th u s  
reached  th e  c e r v ix  w ith o u t  to u c h in g  th e  v a g in a l mucosa. The o u te r -  
p ie c s  o f  th e  speculum was th e n  removed le a v in g  th e  in t r o d u c e r  in  s itu .
The c e r v ix  was g rasped p e r  rec tum , th e n , u s in g  re c to c o rv ic a :  
m a n ip u la t io n ,  th e  in t r o d u c e r  was g u iceo  in t o  th e  body o f  th e  u te r u s , 
One horn o f th e  u te ru s  was the n  g e n t ly  eased hack e v e r th e  in t r o c u c e r  
u n t i l  i t s  t i p  la y  approxim ate ly  5 cm in t o  th e  horn. The c e n tre p ie c e  
o f  th o  in t r o d u c e r  was rem ored le a v in g  i t s  h o llo w  o u te r  tube in  s i t u .
An a s s is ta n t  passed a 2 way F o ly te x  c a th e te r  ( - l a t e  3 .2 .1 )  
th ro u g h  th e  in t r o d u c e r  in t o  the u te r in e  horn and t h i s  was m a n ip u la te d  
p e r  re c tum  fo rw a io  in t o  th e  h o r n . D u rin g  t h i s  phase, th e  u te ru s  
was p u l le d  back over th e  c a th e te r ,  r a th e r  th a n  th e  c a th e te r  b e ing  
pushed forw ard in t o  th e  horn.
By r e c t a l  p a lp a t io n  o f th e  t r a c t  th e  c a th e te r  t i p  was 
lo c a te d  w i t h in  5 -7 .5  cm o f  th e  a n t e r io r  end o f  th e  u te r in e  horn, and
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P la te  3 . 2 , 1  Equipment used in  the  dye te s t  (Method 2 ) ;
1. Speculum; 2 . In tro d u c e r; 3. 2-way c a th e te r;  
4. PSP dye (u n iv e rs a l h c t t l e ) ;  5.  20 ml syringe ,
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th e  r e ta in in g  c u f f  in f la t e d  by in je c t in g  w a te r . The degree o f  
d is te n s io n  o f  th e  b u lb  re q u ire d  was assessed by r e c t a l  p a lp a tio n .
T h is  ensu re d  a s e a l on th e  h o rn , so p re v e n t in g  escape o f  dye. 
S u f f i c ie n t  dye was in je c te d  to  cause a p a lp a b le  d is te n s io n  o f  th e  
a n t e r io r  end o f th e  u te r in e  horn. The amount re q u ire d  v a r ie d  from  
10-50  m l depend ing  on th e  s iz e  o f th e  u te ru s  and th e  p o s i t io n  o f  
th e  c u f f  o f  th e  c a th e te r ..  A f t e r  i n s t i l l a t i o n  o f  th e  dye, vary ing  
amounts o f a i r  were in je c te d  to  d is p la c e  th e  dye fro m  th e  c a th e te r .  
The equ ipm ent was l e f t  in  p la c e  f o r  10 m in u te s . Afterw ards th e  
c u f f  was d e fla te d  and b o th  th e  f l e x ib le  c a th e te r  and th e  h o llo w  
o u te rp ie c e  o f  th e  in t r o d u c e r  were v/ithd ra 'w n. A u r in e  sample was 
ta k e n  a t  5 m in u te  in t e r v a ls  and from then  on u n t i l  30 m in u te s  had 
e la p s e d  s in c e  th e  i n s t i l l a t i o n  o f  th e  dye. The pH o f  th o  u r in e  
was te s te d  u s in g  l i tm u s  pape r (BDH), and a few  d rops o f  IM
NaDH added to  any u r in e  w h ic h  was a c id ic .  The c o lo u r  o f  th e  u r in e  
was th e n  assessed v is u a l l y  f o r  th e  p resence c f  th e  dye.
Two p o s i t iv e  samples were c o l le c te d  b e fo re  s to p p in g  u r in e
c o l le c t io n  and i f  th e re  was no e v idence  c f  dye by 30 m in u te s , th e
t e s t  was c o n s id e re d  to  be n e g a tiv e . A f i n a l  sam ple was taken  a t
60 m in u tes  fo l lo w in g  dye i n s t i l l a t i o n  to  c o n f irm  th o  n e g a tiv e  r e s u l t ,
and in  a l l  cases th e  t e s t  was re p e a te d  where o e la y  o r  non-appearance
o f  th e  dye  in  th e  u r in e  had occurred. 24 hours  were a llow ed  to  e lapse 
be fo re  the te s t  was repea ted  on the o pp o s ite  h o rn ,
3 .2 .3  -  RESULTS
The r e s u l t s  o f  the m odified  dye t o s t  c a rr ie d  o u t f o r  th e  
f i r s t  t im e  in  a g roup  o f  38 cows a re  dem onstra ted  in  T ab le  3 .2 ,1 .
The amount o f  dye i n s t i l l e d  in to  th e  u te r in e  horn v a r ie d  fro m  16 ml
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t o  ,50 m l. The e a r l ie s t  t im e  a t  w h ich  dye was d e te c te d  in  th e  u r in e  
was 15 m in u tes  fo l lo w in g  i t s  i n s t i l l a t i o n  in t o  th e  u te r e s . Of th e  38 
a n im a ls  te s te d , 27 were d iagnosed  as h a v in g  b i l a t e r a l l y  p a te n t o v id u c ts ,  
a lth o u g h  i t  was n o ted  th a t in  7 o f  th e se  a n im a ls  a s l i g h t  d e la y  o c c u rre d  
i n  th e  t im e  taken  f o r  th e  dye t o  appear. The most conmon o v id u c t  
a b n o rm a lity  d iagnosed  was r i g h t  o v id u c t  b lo ckag e  (5 cases) w ith  
3 cases each o f  l e f t  o v id u c t  b lo cka g e  and b i l a t e r a l  blockage.
T a b le  3 .2 ,2  summarises th e  re s u lts  c o n ta in e d  in  T ab le  3 .2 .1 .  
There  were no in c o n c lu s iv e  cases u s in g  t h i s  t e s t ,  a r e s u l t  b e in g  
o b ta in e d  f o r  e ve ry  anim al, U n i la t e r a l  b lo ckag e  appears to  be almost 
3 tim e s  as common as b i l a t e r a l  b lo ckag e  in  t h i s  g roup  o f  cows (21.1%
V 7,9% ).
T a b le  3 .2 .3  shows th e  comparison between r e s u l t s  o b ta in e d  
u s in g  th e  c l i n i c a l  t e s t  and subsequent p o s t mortem exam ination o f the  
o v id u c ts .  In  e ve ry  case p o s t mortem c o n firm e d  th e  dye t e s t  r e s u l t .
I t  is  in t e r e s t in g  to  note t h a t  in  2 an im a ls  (21 end 233 where th e  
dye t e s t  had shewn a d e la y  in  th e  t im e  ta ke n  f o r  th e  dye t c  appear 
in  th e  u r in e ,  a b n o iT n a lit ie s  s u f f i c i e n t  to  im p a ir  th e  p ro g re s s  o f  th e  
p o l le n  g ra in s  were fo u n d , as d e rrc n s tre te d  by f a i l u r e  to  pass th e  
p o l le n  g ra in s  a lo n g  th e  o v id u c ts .
The r e s u l t s  c f  a re p e a t dye t e s t  c a r r ie d  o u t in  10 a n im a ls  
show ing  d e la y  in  appearance o f  th e  dye in  th e  u r in e  a t  th e  f i r s t  
t e s t  a re  shown in  T a b le  3 .2 .4 ,  In  5 an im a ls  (22 , 24, 25, 36, 37) 
a re d u c t io n  in  th e  t im e  ta ke n  f o r  th e  dye to  a ppea r has o c c u rre d  in  
th e  second t e s t .  In  4 o f  th e  5 an im a ls  p o s t mortem e xa m in a tio n  c f  
th e  o v id u c ts  has c o n f i i i r e d  th e  r e s u l t s  o f  the  second t e s t ,  w ith  th e  . 
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de layed  t im e  was seen in  th e  second t e s t  a ls o ,  b u t u n fo r tu n a te ly  
n e i t h e r  o f  th e se  a n im a ls  was s lau g h tered . I t  i s  in t e r e s t in g  to  
n o te  t h a t  b o th  cows 21 and 22 showed de layea  t im e s  in  t h e i r  second 
t e s t s ,  b u t cow 21 was shown to  have an abnorm al n a rro w in g  o f  th e  
o v id u c ts  a t  p o s t- iro r te m , whereas cow 22 had a p p a re n t ly  normal o v id u c ts  
a t  p os t-m o rte m .
The g e n i ta l  t r a c t  o f  a cow slaughtered  3 months a f t e r  a 
dye t e s t  g iv in g  a n e g a tiv e  r e s u l t  i s  seen in  P la te  3 .2 ,2 ,  The dye 
in je c te d  a t  p os t-m o rte m  can be seen ly in g  in  th e  occluded o v id u c ts ,  
u n a b le  to  pass beyond adhes ions a t th e  f im b r ia .
P la te  3 .2 .3  dem onstra tes  b i la t e r a l  h y d r o s a lp in g i t is  
seen in  1 cow (2 3 ), T h is  anim al showed a d e la y  in  th e  appearance 
o f  th e  dye in  th e  u r in e  in  re p e a te d  dye te s ts .
3 .2 .4  -  DISCUSSION
The m o d if ie d  t e s t  u s in g  th e  c u ffe d  c a th e te r  p roved  to  have 
s e v e ra l d e f in i t e  a dvan tages ; f i r s t l y ,  as th e  c u f f  o cc lu de d  th e  
u te r in e  horn dye b a c k flo w  was p re ve n te d  and th e  t e s t  c o u lc  be used in  
any a n im a l re g a rd le s s  o f  th e  degree o f  d i l a t a t io n  o f  th e  c e r v ix  o r  the  
s ta g e  o f  th e  c y c le ;  se co n d ly  s in c e  th e  dye was i n s t i l l e d  in t o  one 
u te r in e  horn o n ly  d ia g n o s is  o f  u n i la t e r a l  b lo ckag e  was p o s s ib le .
In  c a t t le  th e  degree o f  i n f e r t i l i t y  r e s u l t in g  frcm  
u n i la t e r a l  o v id u c t  a b n o rm a lity  depends on w h ich  o v id u c t  is  b lo c k e d .
In  th e  b o v in e  more o v u la t io n s  o c c u r from the r i g h t  o v a ry  tha n
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P la te  3 The rep ro d u ctive  t r a c t  frcm  a ccw s laughtered  3 months 
fo llo w in g  a negative  re s u lt  to  the dye te s t .  Blue 
dye in je c te d  a t post-mortem is  ly in g  in  the occluded  
o v id u c ts .
60
P la te  3 .2 .3  H ydrosalp inx , causing a f lu id  f i l l e d  d is te n s io n  o f 
th e  ov iduct (Ccv; 23)
81
fro m  th e  l e f t  (A l--dahash and D av id , 1977). T h e re fo re  where b lockage  
o f  th e  r i g h t  o v id u c t  i s  d iagnosed , f e r t i l i t y  in  such an a n im a l is  
reduced  by more than  h a l f .  T rea tm en t o f  an a n im a l w ith  u n i la t e r a l  
b lo c k a g e  o f  th e  o v id u c t  co u ld  be by e i t h e r  rem oving  th e  o va ry  a d ja c e n t 
t o  th e  b lo c k e d  o v id u c t ,  in  w h ich  case o v u la t io n  sh o u ld  o c c u r as o f te n  
fro m  th e  re m a in in g  ovary as when bo th  o v a r ie s  a re  in  s i t u ,  and under 
th e s e  c o n d it io n s  p regnancy w ou ld  be much n x re  c e r ta in  since th e  
c o rre s p o n d in g  o v id u c t  is  known to  be p a te n t. . O r, r a th e r  th a n  r e s o r t in g  
t o  o v a r ie c to m y , d e te rm in in g  by r x c t a l  p a lp a t io n  w h ich  ovary c o n ta in s  
th e  co rpus lu teum  and th e re fo re  was th e  source  o f  th e  o v u la t io n ,  the n  
i f  o v u la t io n  had occurred f rc m  th e  ova ry  a d ja c e n t t o  th e  blocked o v id u c t ,  
b y  u s in g  p ro s ta g la n d in s  s h o r te n  th e  c y c le . T h is  sh o u ld  r e s u l t  in  
a n o th e r  o v u la t io n  w h ic h , t h i s  t im e , may be from th e  ovary a d ja c e n t to  
th e  norm al s id e .
A n o th e r advantage o f  th e  m o d if ie d  method o f  th e  dye t e s t  
is  t h a t  th e  t im e  ta ke n  f o r  d ia g n o s is  i s  c o n s id e ra b ly  shortened, U sing 
th e  m o d if ie d  t e s t  the  dye appears in  th e  u r in e  w i t h in  20-25  m in u tes  
where th e  o v id u c t  i s  p a te n t and a d ia g n o s is  o f  b lo cka g e  can be made 
i f  no dye i s  p re s e n t by t h i s  in t e r v a l  a f t e r  i n s t i l l a t i o n .  T h is  
compares w ith  more th a n  GO m in u tes  in  th e  o r ig in a l  t e s t  f o r  a n e g a tiv e  
r e s u l t .  T h c re fd ro s  t h i s  approach is  more p r a c t i c a l  i f  th e  t e s t  i s  
t o  be used by busy p r a c t i t io n e r s  as an on fa rm  techn ique.
However a lth o u g h  t h i s  m o d if ie d  t e s t  i s  a much more accurate  
one , i t  does have th e  d isa d va n ta g e  o f  r e q u ir in g  a g r e a te r  degree o f  
m a n ip u la t iv e  s k i l l ,  in  t h a t  th e  f l e x ib le  c a th e te r  must be p o s it io n e d  
c o r r e c t ly  in  th e  u te r in e  h o rn . In  th e  cow, th e  u te r in e  horn  is  curved
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v e n t r a l ly  and th e re fo re  r re re ly  push in g  th e  c a th e te r  h o r iz o n ta l ly  causes 
i t  t o  im p inge  on th e  endom etrium  and cause damage. I t  was found  
w i th  e x p e rie n c e  t h a t  one s h o u ld  ease th e  u te ru s  backwaixis o v e r  th e  
c a th e te r  r a t h e r  than push th e  c a th e te r  fo rw a rd . These m a n ip u la t io n s  
a re  o n ly  p o s s ib le  i f  good a n a e s th e s ia  is  em ployed. The reg im e used 
here  in  w h ich  p re m e d ic a tio n  w ith  a c e ty l  promazine and 'B uscopan ' was 
u sed , fo l lo w e d  by an e p id u ra l a n a e s th e t ic ,  p roduced e x c e l le n t  
r e la x a t io n  w ith  th e  cow re m a in in g  on her f e e t .  U nder th e se  c irc u m ­
s ta n c e s  th e  te s t  was c a rr ie d  o u t r e la t i v e l y  e a s i ly .
A n o th e r d isa d va n ta g e  o f  th e  te s t  i s  th a t  o f  th e  d iam eter c f  
th e  s ta in le s s  s te e l  in t r o d u c e r  w h ich  p re se n te d  problems in  an im a ls  
w i th  t i g h t l y  c o n s t r ic te d  c e rv ic e s .  Indeed in  2 h e i fe r s  i t  proved 
im p o s s ib le  to  c a r ry  o u t t h i s  foirnn o f  dye t e s t  even when a c e rv ic a l  
d i l a t o r  (T . A. S a u l, B os ton , L in c s . )  was used to  b reach  th e  c e r v ic a l  
b a r r ie r .
The m a jo r i t y  o f  a n im a ls  te s te d  u s in g  t h i s  method o f  dye t e s t  
gave d e f in i t e  r e s u l t s  w h ich  were c o n firm e d , where p o s s ib le ,  a t  p o s t 
m ortem , Moi'/ever, 1 cow (23) w h ich  a t p o s t mortem e x a m in a tio n  was 
fo u n d  to  have b i l a t e r a l l y  b lo c k e d  o v id u c ts ,  gave a p o s i t iv e  r e s u l t  to  
th e  dye t e s t  w ith  dye a p p e a rin g  in  h e r  u r in e  30 m in u te s  fo l lo w in g  i t s  
i n s t i l l a t i o n .  A lth o u g h  th e  s l i g h t  d e la y  in  th e  appearance o f  th e  dye 
had a roused some s u s p ic io n  o f  an a b n o rm a lity  b e in g  p re s e n t,  t h i s  was 
i n  e f f e c t  a f a ls e  p o s i t iv e  r e s u l t .  A t p o s t mortem th e  o v id u c t  
b lo c k a g e  was seen to  be caused by an a cu te  b i l a t e r a l  h y d r a s a lp in g i t is  
( P la te  3 .2 .3 ) .  H y d r o s a lp in g it is  causes a marked th in n in g
o f  th e  o v id u c t  w a l l  and damage to  th e  m ucosal l i n i n g  o f  th e  e n d o s a lp in x
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(B a n ire c h k e , 1959). I t  w ou ld  seem lo g ic a l  to  su gg e s t th a t  in  t h i s  
case  th e  aye may have passed th ro u g h  th e  damaged mucosa and so entered  
th e  b lo o d  s tre a m  w ith o u t  p a s s in g  a lo n g  th e  o v id u c t  lum en. T h is  
e x p la n a t io n  has a ls o  been proposed by w o rke rs  in  th e  human f i e l d ,  where 
t h i s  method o f  determ in ing  o v id u c t  p a te ncy  has been shown to  p roduce
f a ls e  p o s i t iv e  r e s u l t s  when c a rr ie d  o u t on p a t ie n ts  who have undergone
tu b a l  l ig a t io n  op eratio n s  (H offm an, 1951; U i l l ia m s  and B ering , 1360}.
I t  i s  in t e r e s t in g  to  s p e c u la te  as to  the  reason f o r  the  delay in  th e
appearance c f  th e  dye in  the  u r in e  o f t h i s  cow. In  th e  human p a t ie n t  
o n ly  1 u r in e  sample i s  g e n e ra l ly  ta ke n  and t h is  i s  dens a t 33 m inu tes  
fo llo w in g  th e  i n s t i l l a t i o n  o f  th e  dye (Speck, 13m3). In  hurran cases 
o f  f a ls e  p o s i t iv e  r e s u l t s  th e  dye i s  seen as c le a r ly  a t  th is  t im e  as in  
oases where th e  o v id u c ts  a re  p a te n t .  However, th e  anatomy o f  th e  
human o v id u c t  is  v e ry  d i f f e r e n t  fro m  th a t  o f  th e  cow, L e in ^  botdi 
b ro a d e r  end s t r a ig h te n  (F ra n c is ,  1573), I t  rra '^ t c  t h a t  th e  su rface  
area  t h a t  i s  damaged and so a b le  to  absorb th e  dye i s  so reduced in  trm  
n a rro w  o v id u c t  o f th e  ccw th a t  t h i s  caused a d e la y  in  th e  appearance 
o f  th e  dye. Two o th e r exp lan a tio n s  f o r  a fa ls e  p o s i t iv e  r e s u l t  to  
th e  dye t e s t  a re  e it h e r  tb e  in a d v e r te n t  in je c t io n  o f  dye in t o  th e  
p e r i to n e a l  c a v ity  in s te a d  c f  in to  th e  u te ru s  o r blood in  th e  u r in e  
b e in g  m is ta ke n  f o r  dye. however, th e  sensation  o f  th e  c a th e te r  
p u n c tu r in g  th e  u te r in e  w a ll i s  u n m is ta ka b le  and th e re  would ce no 
d o u b t i f  t h i s  had occurred . On th e  o th e r hand, th e  presence  o f  blood  
i n  th e  u r in e  is  o b v io u s  as , i f  the sample i s  l e f t  s ta n d in g ,  th e  b lo c d  
w i l l  s in k  to  th e  b o ttom . N e ith e r  o f  the se  p o s s i b i l i t i e s  i s  a p p lic a b le  
i n  t h i s  a n im a l.
A d e la y  in  th e  t im e  ta ke n  f o r  th e  dye to  appear b i l a t e r a l l y
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o c c u rre d  in  2 o th e r  an im a ls  [2 1 , 2 2 ) . A g a in , in  th e  l i v i n g  a n im a ls , 
t h i s  d e la y  a roused s u s p ic io n  o f  some s o r t  o f  a b n o rm a lity  p re s e n t in  
th e  o v id u c ts  and t h i s  was c o n firm e d  in  1 case a t  p o s t mortem (2 1 ).
I n  t h i s  cow, a lth o u g h  b o th  o v id u c ts  were found  to  be p a te n t to  a 
f l u i d  in je c t io n ,  th e  in je c t io n  o f  th e  p o l le n  g ra in  suspens ion  
dem on s tra te d  a n a rro w in g  o f  b o th  o v id u c ts .  Hovjever, when th e  re m a in in g  
case w h ich  had shown a s im i la r  d e la y  in  th e  appearance o f  dye in  th e  
u r in e  on s e v e ra l o ccas ion s  was examined a f t e r  s la u g h te r ,  th e  o v id u c ts  
w ere  p a te n t to  b o th  dye and p o l le n  g ra in s .  O th e r v/orkers have 
su gg e s te d  t h a t  norm a l p a te ncy  sh ou ld  be take n  as th e  t im e  ta ke n  f o r  th e  
u r in e  to  reach  a 'c h e r r y  p in k *  c o lo u r  and t i i a t  a d e la y  in  fo rm a tio n  
o f  t h is  c o lo u r  r a th e r  tha n  on the  f i r s t  appearance o f th e  dye 
d e m o n s tra te s  a n a rro w in g  o f  th e  o v id u c t  lumen (C o u lth a rd , 1961), He 
based h is  c o n f irm a t io n  o f  t h i s  method o f  d ia g n o s is  o f  n a rro w in g  on 
th e  subsequent f a i l u r e  to  recover embryos fo l lo w in g  s u p e ro v u la t io n  o r  
th e  re c o v e ry  o f  fe w e r embryos tha n  expected frc m  p r i o r  r e c t a l  p a lp a t io n  
t o  d e te rm in e  th e  number o f  corpora lu te a .  However, as w ith  th e  p re s e n t 
s tu d ie s ,  some cows in  w h ich  a d ia g n o s is  o f  n a rro w in g  has been made, 
have a p p a re n t ly  n o rrra l o v id u c ts  as shewn by re c o v e ry  o f  adequate 
numbers o f  embryos a f t e r  s u p e ro v u la t io n .
A n o th e r p o s s ib le  e x p la n a tio n  f o r ' t h e  d e la y  in  dye appearance 
c o u ld  be th e  d if fe re n c e s  in  th e  r a te  o f  a b s o rp t io n  o f  dye th ro u g h  th e  
p e r ito n e u m  in  a t h in  a n im a l compared t o  a f a t  a n im a l. However i t  
was found  in  th e se  s tu d ie s  th a t  when dye was in je c te d  d i r e c t l y  in t o  
th e  p e r ito n e u m  o f  cows o f  v a ry in g  w e ig h ts  and body s c o re s , no 
s ig n i f i c a n t  d i f fe r e n c e  o c c u rre d  in  th e  t im e  ta ke n  f o r  th e  dye to  reach
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th e  b la d d e r .
In  5 an im a ls  in  w h ich  re p e a te d  dye te s ts  were c a r r ie d  o u t 
a marked r e d u c t io n  in  th e  t im e  ta ke n  f o r  th e  dye to  appear o c c u rre d  
on th e  second and subsequent te s ts  (22 , 25, 37, 36 , 2 4 ) .  P ost 
m ortem  e xa m in a tio n  co n fiiT i'e d  in  4 cases th a t  th e  o v id u c ts  were p a te n t 
(2 2 , 25, 37, 3 6 ) . I t  i s  h y p o th e s is e d  th a t  t h i s  c o u ld  be due to  
th e  rem ova l o f  d e b r is  o c c lu d in g  th e  o v id u c t lun'en o r  th e  breakdown 
o f  adhes ions ly in g  a c ro ss  th e  lumen by th e  p re s s u re  o f  th e  agen t used 
f o r  t e s t in g .  The use o f  o v id u c t  pa tency  te s ts  as a p o s s ib le  
t h e r a p e u t ic  tre a tm e n t is  w e l l  documented in  th e  human f i e l d  and has 
a ls o  been suggested  by s e v e ra l workers in  th e  v e te r in a r y  f i e l d
( K o th a r i ,  1977; A n s a r i,  1979 j Kessy and Hookes, 1970).
In  th e s e  s tu d ie s ,  s e v e ra l an im a ls  w h ich  had g iv e n  n e g a tiv e  
r e s u l t s  to  th e  dye t e s t ,  in d ic a t in g  a b n o n ra l o v id u c ts ,  re v e a le d  
adh e s io ns  a t  post mortem. These were e a s i ly  b roken  down by the  
p re s s u re  needed to  fo r c e  dye th ro u g h  th e  o v id u c ts .  T h is  c o u ld  be th e  
means by w h ich  th e  t e s t  works in  c e r ta in  cases t o  p roduce  a p a te n t 
tu b s  where a b lo c k e d  one e x is te d  p re v io u s ly .  However, th e  main 
c r i t i c i s m  in  s u g g e s tin g  t h a t  th e  dye t e s t  has th e r a p e u t ic  v a lu e  is  th a t
a lth o u g h  th e  o v id u c t  i s  made p a te n t ,  t h i s  does n o t n e c e s s a r i ly  mean
t h a t  i t  has re tu rn e d  to  norm a l fu n c t io n ,  F o r example, an a n im a l in  
w h ic h  a b n o rm a lity  is  p re s e n t due to  an a cu te  in f e c t io n  is  l i k e l y  to  
have p e r i t u b a l  adhes ions a f f e c t in g  th e  m o t i l i t y  o f  th e  o v id u c t  w h ich  
may s t i l l  cause p rob lem s a lth o u g h  in tra lu rn e n a l adh e s io ns  have been 
b ro ken  dov/n. In  such an a n im a l i t  w ou ld  be p ro b a b le  t h a t  th e  oviducts  
w e re  a f fe c te d  b i l a t e r a l l y  and th e  p ro g n o s is  w ou ld  be guarded reg ard less  
o f  th e  outcom e o f  re p e a te d  dye t e s t s .  The presence o f s a lp in g i t i s ,
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c a u s in g  marked in f le m rn a tio n  o f  th e  o v id u c t  mucosa w ith  subsequent 
r e d u c t io n  in  th e  d ia m e te r  o f  th e  o v id u c t  lumen, w i l l  a f f e c t  b o th  
t r a n s p o r t  o f th e  gametes end the  n u t r i t i o n  o f  th e  z y g o te  i f  
f e r t i l i s a t i o n  has ta ke n  p la c e , w h ile  s t i l l  a l lo w in g  th e  passage o f  
f lu id V  However, th e  p resence  o f  s e p ta l adhes ions around th e  f im b r ia ,  
p o s s ib ly  produced by trauma due to  rough h a n d lin g  d u r in g  r e c ta l  
p a lp a t io n ,m a y  cause a re d u c t io n  in  f e r t i l i t y  by t h e i r  e f fe c t  on th e  
m o b i l i t y  o f  th e  in fu n d ib u lu m  y e t  be b roken  down e a s i ly  by f l u i d  
p re s s u re  w ith  a re tu rn  to  norm a l o v id u c t  fu n c t io n .  O ther w orke rs  
have rep o rted  th e  use o f s u rg e ry  in  an attem pt to  breakdown t h i s  ty p e  
o f  adhesion and have produced p re g n a n c ie s  (Bowen, Elsden end S e id e l,  1376. 
Noakes, 1979 ). I t  is  suggested  th a t  i f  th e  p a s t h is t o r y  o f  th e  anim al 
u n d e r in v e s t ig a t io n  re v e a ls  a lo n g  s ta n d in g  in f e c t io n  o f the  re p ro d u c ­
t i v e  t r a c t ,  the n  repeated  dye te s ts  w i l l  be o f  l i t t l e  b e n e f i t ,  whereas 
an a n im a l w ith  no h is t o r y  o f  u te r in e  in f e c t io n  may b e n e f i t  from  
re p e a te d  dye te s ts .  T h is  m o d if ie d  dye te s t  c e r ta in ly  appeared to  
do no harm to  th e  fu tu re  f e r t i l i t y  o f  the a n im a l as severa l o f  th e  
a n im a ls  have s in c e  b ecc re  p re g n a n t fo l lo w in g  a s u c c e s s io n  o f  te s ts  
(2 ,  3, B, S, 12, 1 9 ).
To summarise, th e  dye t e s t  has been shown to  be a c c u ra te  
in  th e  d ia g n o s is  o f  u n i la t e r a l  end b i la t e r a l  b lo cka g e  in  a number c f  
cows. T h is  i s  o f  im p o rta n ce  where such a cow may be kept f o r  se re  t i r e  
w i t h  th e  in c u r re n c e  o f fe e d in g  and v e te r in a r y  costs in  an a tte m p t tc  
p roduce  a p regnancy . A n e g a tiv e  dye t e s t  on a t  le a s t  3 o ccas ion s  
means th a t  th e  cow can be regarded as h av ing  no fu r th e r  re p ro d u c t iv e  
f u n c t io n .  However, th e  main c r i t i c i s m  o f  th e  dye te s t  as a means of 
p r e d ic t in g  fu tu r e  f e r t i l i t y  i s  t h a t  i t  assesses th e  patency o f  th e
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o v id u c ts  to  a f l u i d  in je c t io n  o n ly  and g iv e s  no in fo r m a t io n  on th e  
a b i l i t y  o f  th e  o v id u c t  t o  t r a n s p o r t  and n o u r is h  th e  z y g o te . 
T h e re fo re  th e re  w i l l  rem a in  an im a ls  w h ich  a lth o u g h  g iv in g  p o s i t iv e  
r e s u l t s  t o  th e  dye t e s t  have o v id u c t  a b n o rm a lit ie s  s u f f i c i e n t  to  
p re v e n t c o n c e p tio n .
CHAPTER 4
USE OF SUPEROVULATION, EGG RECOVERY ANO 
EMBRYO MORPHOLOGY IN THE ASSESSMENT OF OVIDUCT FUNCTION
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4 .1  -  INTRODUCTION
In  a d d it io n  to  p a te n c y , th e  o v id u c t  in  e n s u r in g  f e r t i l i t y  
m ust f u l f i l  a number o f  o th e r  fu n c t io n s .  In  g e n e ra l th e s e  com prise  
th e  o rg a n 's  a b i l i t y  t o  p ic k  up th e  o v u la te d  o o c y te , t r a n s p o r t  ovum and 
sperm  to  th e  f e r t i l i s a t i o n  s i t e  and th e  zyg o te  t o  th e  u te ru s  and 
m a in ta in  an a p p ro p r ia te  in t e r n a l  e n v iro n m e n t. In  m o n ito r in g  o v id u ct 
f u n c t io n ,  a d e f i n i t i v e  t e s t  i s  th e re fo re  th e  e s ta b lis h m e n t o f  a 
p re gn a ncy . However, use o f  such a t e s t  f o r  d ia g n o s t ic  purposes 
w o u ld  be u n p r a c t ic a l .  F i r s t l y ,  in  th e  cow a c o n s id e ra b le  t im e  must 
e la p s e  between th e  t i k e  o f  m a tin g  and d ia g n o s is  o f  p regnancy ; s e c o n d ly , 
s in c e  a m u l t i p l i c i t y  o f  o th e r  f a c to r s  a re  in v o lv e d  in  an a n im a l 
becom ing p re g n a n t, th e  f in d in g  o f  a n e g a tiv e  r e s u l t  c o u ld  be o f  l im i t e o  
s ig n i f ic a n c e  as re g a rd s  th e  o v id u c t .  In  a d d it io n  th e  re l ia n c e  on 
such  an end p o in t  i s  a s s o c ia te d  w ith  a t  le a s t  p o t e n t ia l  d i f f i c u l t i e s  
as a riim a ls  f o r  such in v e s t ig a t io n s  norm ally  have a h is t o r y  o f  i n f e r t i l i t y  
As an a l t e r n a t iv e  t o  th e  p ro tr a c te d  method o f  e s ta b l is h in g  a 
p re g n a n cy , th e  re c o v e r /  o f  embryos, a t  an e a r ly  s ta te  a f t e r  m a tin g , 
w o u ld  p ro v id e  in fo rm a t io n  on o v id u c t  fu n c t io n .  The m ain d isa d va n ta g e  
o f  u s in g  t h i s  method i s  t h a t ,  und e r normal c irc u m s ta n c e s  where a s in g le  
o v u la t io n  ta k e s  p la c e , o n ly  1 o v id u c t  c o u ld  be te s te d .  In  a d d it io n  
th e r e  a re  p r a c t i c a l  d i f f i c u l t i e s  in  th e  recovery o f  a s in g le  e rê ry o  
fro m  th e  u te ru s  o f  th e  cow [S reenan, 1973; S h e lto n , H eath , O ld and 
T u r n b u l l ,  1979). bo th  o f  th e s e  l im i t a t io n s  c o u ld  be overcome by 
s im u lta n e o u s ly  in d u c in g  m u l t ip le  o v u la t io n s  fro m  b o th  o v a rie s .
S e v e ra l reg im es f o r  su perovu la tion  o f  th e  cow have been
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d e s c r ib e d . These in v o lv e  th e  a d m in is t r a t io n  o f  exogenous g o n a d o tro p h in s  
f ro m  a range o f  so u rces  in .  a v a r ie t y  o f  d i f f e r i n g  re g ii ie s  (F oo te  and 
Gnuma^ 1970; Gordon, 1 975 ). The m a te r ia ls  used f o r  p ro d u c in g  a 
s u p e rc v u la to r y  response  w ere o r i g in a l l y  p i t u i t a r y  e x t r a c ts  fro m  sh ee r 
(C a s id a , M eyer, McGhan and I'.’is n ic k y ,  1943). In  a d d i t io n ,  th e  use o f  
human m enopausal g o n a d o tro p h in  has been s tu d ie d  (Mewcomb, 195D ),
However, th e  most conTronly used methods in v o lv e  th e  a d m in is t r a t io n  o f  
a n o n - p i t u i t a r y  g o n a d o tro p h in  ~ p re g n a n t mare serum g o n a d o tro p h in  
(PMSG) (F o o te  and Onuma, 1970; Gordon, 1975), T h is  l a t t e r  g o n a d o tre o h in , 
w h ich  has m a in ly  f o l l i c l e  s t im u la t in g  hormone (FSbO p ro p e r t io .s  has in  
some cases been used in  co m b in a tio n  w ith  an a d d i t io n a l  o v u la to r y /  
lu te o t r o p h ic  s t im u lu s ,  b o th  in  th e  fo rm  o f  human c h o r io n ic  g o n a d o tro p h in  
(HCG) and more r e c e n t ly ,  u s in g  t h e  response  o f  th e  cow to  lu t e in is in g  
hormone re le a s in g  hormone (L rP ri) (S ca n lon , Sreenan and G ordon, 1955;
Rows on, 1951; Ho/;comb, ISSG) ,
The method o f  a d m in is t r a t io n  o f  the se  su bs ta nce s  v a r ie s  
d epend ing  on th e  p re p a ra t io n .  T h is  ranges from; s in g le  t o  m u l t ip le  
in je c t io n s ,  a c m in is to re d  in  c o n s ta n t o r  in c re a s in g  doses (F oo te  and 
Onuma, 1970; G ordon, 1975), In  th e  e a r l i e r  s tu d ie s ,  th e  t im e  o f  
a d m in is t r a t io n  ranged th ro u g h o u t th e  o e s tro u s  c y c le  (C asida  e t  a l ,
1 9 4 3 ). However, i t  has been shown th a t  b e t t e r  r e s u l t s  a re  o b ta in e d  
when o e s tru s  o ccu rs  w i t h in  4 -5  days c f  a d m in is t r a t io n  o f  th e  p re p a ra t io n  
(S ca n lon  e t  a l ,  19SÔ). T h is  produces d i f f i c u l t i e s  in  p r e d ic t in g  th e  
u l t im a te  t im e  o f  o e s tru s .  However, s in c e  1974, th e  a v a i l a b i l i t y  o f  
l u t e o l y t i c  agen ts  has removed some o f  th e  d i f f i c u l t i e s  (C ooper and 
F u r r ,  1974; E ls d e n , L ew is , Gumming and Lawson, 1974; L ea ve r, G le n c rcss  
and Pope, 1975 ).
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I t  is  d i f f i c u l t  t o  compare th o  o v a r ia n  responses o b ta in e d  
by many o f  th e se  s tu d ie s  as w id e ly  v a r ia b le  c r i t e r i a  were used to  
ju d g e  th e  e f f ic a c y  o f  th e  t re a tm e n ts .  F o r exorrple, s o re  wo:d<.ers 
assessed  t h e i r  r e s u l t s  in  te rn s  o f th e  in c re a s e  in  w e ig h t and volume 
o f  th e  o va ry  fo l lo w in g  tre a tm e n t (C asida  e t  a l ,  1 943 ), o th e rs  on th e  
num ber o f  f o l l i c l e s  p re s e n t from w h ich  ova c o u ld  be m a n u a lly  a s p ira te d  
( Uniiaugh, 1949 ), o r  the  number o f c o rp o ra  lu te a  p re s e n t as d e te rm ine d  
by la p a ro to m y , r e c t a l  p a lp a tio n  o r  f in d in g s  a t  s la u g h te r  (H en ricks ,
H i l l ,  D icke y  and Lariond, 1973; H ewe o rb , Rowson and Trounson, 1S75 ;
B a ke r and J i l l e l l a ,  1978,- H a l l f o r d ,  Turnon , V'etteman and Pope, 1979 ). 
Y e t a n o th e r  measure o f  th e  response  o f  th e  o v a r ie s  was th e  number o f  
f e r t i l i s e d  ova re co ve re d  from, th e  t r a c t  (McCaugh and O ld s , 1971; 
tlewcorab, C h r is t ie  and Rcwoori, 1975) ,
However, a c o n s is te n t  fe a tu re  o f t h i s  work i s  th e  w ide  
v a r ia t io n  in  th e  response  o f  in d iv id u a l a n im a ls  to  th e  tre a tm e n ts .
T h is  response  may range fro m  a f a i l u r e  o f  o varian  s t im u la t io n ,  to  th e  
sh e d d in g  o f  la rg e  numbers o f  eggs (H a fe z , S iig ie  and Gcrc'on, 1963;
S can lon  e t  e l ,  1963 ). In  a d d it io n  i t  is  apparent t h a t  h y p e rs tim u la tic n  
o f  f o l l i c u l a r  deve lopm ent i s  n o t n e c e s s a r i ly  equated w ith  o v u la t io n  
( P o l le y  and H a lp ro s s , 1944; O rw lin g , 1949; Elsden e t  a l ,  1974). In  
p a r t  th e se  v a r ia t io n s  in  response ra y  be due to  th e  la c k  o f  q u a n t i ta t iv e  
assay  o f  t i i G  b io lo g ic a l a c t i v i t y  c f  th e  p re p a ra t io n s  used in  e a r l i e r  
s tu d ie s  (G ordon, 1975 ), However, even w ith  s tan d ard ised  p rep ara tio n s  
v a r ia t io n  b o th  amongst and w i t h in  anim als ro m a in s . The la c k  c f  
p r e d i c t a b i l i t y  o f  response i s  a drawback in  th e  com m erc ia l e x o lo ita t io n  
o f  th e se  te c h n iq u e s  as a p re lu d e  to  embryo t r a n s f e r  (Hahn, Traub,
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A gthe , Kühn and L o tth a m ro r , 1976 ).
To p e rm it  s u p e ro v u la t io n  and subsequent errbryo recover^'' to  
be used in  a s s e ss in g  o v id u c t  fu n c t io n  i t  w ou ld  be n ecessa ry  t o  have 
a v a i la b le  an independen t method f o r  m o n ito r in g  th e  o v a r ia n  response .
T h is  w ou ld  be e s s e n t ia l  to  c o n f in n  th a t  a f a i l u r e  to  re c o v e r  eggs was 
n o t due to  a la c k  o f  o v a r ia n  response .
V a r io u s  te c h n iq u e s  have been d e s c r ib e d  to  d e te rm in e  th e  
success o f  s u p e ro v u la t io n  re g im e s . These comprise d i r e c t  v is u a l is a t io n  
o f  th e  o v a r ie s ,  r e c ta l  p a lp a t io n  and assay o f  c i r c u la t in g  gonadal 
s te r c io s . .  By n o t in g  th e  p resence  o f  co rp o ra  lu te a  e i t h e r  a t  s la u g h te r  
(H e n r ic k s  e t  a l ,  1973), o r  a f t e r  expos ing  th e  o v a r ie s  by laparo tom y 
( Newcomb c t  a l ,  1976) an assessm ent o f th e  s u p e ro v u la to ry  response  can 
be o b ta in e d  r e t r o s p e c t iv e ly .  As a lo u t in e  te c h n iq u e , however, t h i s  
l a t t e r  m ethod, u n le ss  an in te g r a l  p a r t  o f embryo recovery/ i s ,  a lth o u g h  
a c c u ra te ,  u n p r a c t ic a l .  In  a d d it io n  i t  c a r r ie s  th e  r i s k  o f  in t r o d u c t io n  
o f  in f e c t io n  and s u r g ic a l  traum a le a d in g  to  o v a r ia n  and u te r in e  
adh e s io ns  (B a ke r and J i l l e l l a ,  1978). A s im i la r  d i r e c t  v is u a l is a t io n  
o f  th e  o v a r ie s  can be a ch ieve d  by m a n ip u la t in g  th e  o va ry  th ro u g h  an 
in c is io n  in  th e  a n t e r io r  va g ina  (B ake r, 1968), A lth o u g h  employed in  
no rm a l a n im a ls  t h i s  method has not been used in  th e  s u p e ro v u la te d  ca«/. 
R e c e n tly  th e  use o f  a f i b r e  o p t ic  la pa roscope  has been d e s c r ib e d .
T h is  r e la t i v e l y  atrau m atic  te c h n iq u e  has been re p o r te d  to  be h ig h ly  
a c c u ra te  in  th e  hands o f  an e xp e rie n ce d  o p e ra to r (W is h a rt and S n o w b a ll, 
1 9 7 3 ). T h is  l a t t e r  te c h n iq u e  has the  p o t e n t ia l l y  a d d i t io n a l  b e n e f i t  
o f  a l lo w in g  s e q u e n t ia l observations to  be made o f  th e  o v a r ie s .  R e c ta l 
p a lp a t io n  o f  th e  o v a r ie s  has been commonly used in  a s s e ss in g  th e  
response  to  s u p e ro v u la t io n  (Newcomb e t  a l ,  1978 ). However, com parison
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o f  p a lp a t io n  and d i r e c t  v is u a l is a t io n  o f  th e  o v a r ie s  has h ig h l ig h te d  
p o t e n t ia l  in a c c u ra c ie s ,  e s p e c ia l ly  in  th e  case o f  a marked response 
o f  th e  o v a r ie s  (Rowe, D e lconpo, E i l t s ,  F re n ch , Winch and G irn th e r ,
1 9 7 6 ). A ls o ,  th e  r is k s  a s s o c ia te d  w ith  m a n ip u la t io n  o f  th e  o v a r ie s  
a round  o v u la t io n  in  th e  norm al cow a re  l ia b le  to  be compounded in  th e  
a n im a l w ith  h y p e rs t im u la te d  o v a r ie s .
In  g e n e ra l,  f o l lo w in g  s u p e ro v u la t io n , in c re a s in g  f o l l i c u l a r  
numbers a re  a s s o c ia te d  w ith  e le v a te d  plasma o e s tro g e n s  in. th e  p e r io d  
b e fo re  o v u la t io n  (Saumande and P e l l e t i e r ,  1975; B oo th , k'ev/coiTt?.,
S tra n g e , Rcv/son and Sacher, 1975 ). A ls o , s e v e ra l vrorkere  have 
d e m on s tra te d  th a t  when' th e re  is  an in c re a s e  in  th e  number o f  co rp o ra  
lu te a ,  t h i s  may be a p p a re n t fro m  c o n c u r re n t ly  e le v a te d  le v e ls  o f  
c i r c u la t in g  p ro g e s te ro n e  (H e n ric k s  e t  a l ,  1973; Booth e t  e l ,  1975; 
H a l l f o r d  e t  a l ,  1979 ). Howsvejr, many c o n f l i c t i n g  r e s u l t s  a re  found  
when a tte m p ts  have been made to  r e la te  th e  le v e ls  o f  c i r c u la t in g  
g on a da l s te r o id s  to  th e  response  o f  th e  o v a r ie s  a t  s u p e ro v u la t io n  
(S reenan , Bee tan and G o s lin g , 1976; H a l l f o r d  e t  e l ,  1979 ).
S e v e ra l te c h n iq u e s  s u i ta b le  f o r  th e  re c o v e ry  o f  eggs fro m  
th e  b o v in e  g e n i t a l  t r a c t  have been d e s c r ib e d . E a r ly  w o rk e rs , i n v e s t i ­
g a t in g  e i t h e r  th e  in c id e n c e  o f  e a r ly  em bryon ic  dea th  in  i n f e r t i l e  
a n im a ls , o r  th e  response  o f  th e  o v a r ie s  to  superovulatory d ru g s , 
s la u g h te re d  th e  an im a ls  a t  v a r io u s  tim e s  a f t e r  m a tin g  (C asida  e t  a l ,  1943; 
Tanabo and C a s id a , 1949). The g e n i ta l  t r a c t s  are th e n  f lu s h e d  w ith  
f l u i d  w h ile  suspended on a bench and th e  eggs th u s  rem oved. T h is  
te c h n iq u e  has th e  advantage  o f  removing eggs fro m  th e  u te ru s  and th e  
o v id u c t  and so can be used w i t h in  a s h o r t  p e r io d  o f  m a tin g . I n te r e s t
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in  th e  use o f  ennbiyo recovery as a re se a rch  t o o l  and c o r r r - e r c ia l ly , 
s t im u la te d  re se a rch  in t o  methods f o r  o b ta in in g  embryos from  th e  l i v i n g  
a n im a l. S u rg ic a l te c h n iq u e s  were d eve loped , u s in g  a m id l in e  in c is io n ,  
w i t h  th e  a n im a l und e r g e n e ra l a n a e s th e s ia  (Rowson, Moor and Lawson, 1959), 
The u te ru s  end o v id u c ts  a re  e x te r io r is e d  and th e  f lu s h in g  medium in je c te d  
e i t h e r  fro m  a p u n c tu re  in  th e  u te ru s  to  th e  o v id u c t  f im b r ia e  o r  in  th e  
o p p o s ite  d i r e c t io n  and c o l le c te d .  Aga in  t h i s  te c h n iq u e  can be used to  
o b ta in  o vid u ct eggs, b u t repeated  embryo recovery from  th e  same anim al 
in t ro d u c e s  th e  danger o f  adhes ions fo rm in g  (G ordon, 1975). A ls o , th e  
subsequen t f e r t i l i t y  o f  th e  cow c o u ld  be adversely  a ffe c te d . The 
deve lopm ent o f  n o n -s u rg ic a l te c h n iq u e s  o f  embiy/o recovery c o n s t i tu te d  
an advance in  th e  f i e l d  o f  com m erc ia l egg t r a n s fe r *  V a r io u s  m o d i f i ­
c a t io n s  have been used s in c e  th e  o r ig in a l  work by Rowson and C ow ling  in  
1949. E s s e n t ia l ly  th e  te c h n iq u e  c o n s is ts  o f  f lu s h in g  th e  u te r in e  horns  
w i t h  m e d ia ,v ia  an a p p a ra tu s  in s e r te d  th ro u g h  th e  c e r v ix .  The w ash ings 
a re  c o l le c te d ,  e i t h e r  by a to  and f r o  system  u s in g  a 2-way bu lbed  
c a th e te r ,  o r  by c o n tin u o u s  c i r c u la t io n  u s in g  a 3-way b u lbe d  c a th e te r  
(G rove e t  a l ,  1977; Newcomb e t  a l ,  1976). Both r i g i d  and f l e x ib le  
a p p a ra tu s  have been used (B ake r and J i l l e l l a ,  1376 ), T h is  system  has 
th e  advantage o f  b e in g  r e la t i v e l y  a tra u m a tic  when used by an experienced  
o p e ra to r  and repeated f lu s h in g s  can bo pe rfo rm ed  w ith  no adve rse  e f f e c t  
(S e id e l,  E lsd e n , N elson and H a s le r ,  1976), However, any eggs v/h ich  
rem a in  in  th e  o v id u c t  w i l l  n o t be re c o v e re d .
A d d it io n a l in fo rm a t io n  on th e  n o rm a lity  o f  th e  o v id u c t  may be 
g a in e d  by e xa m in a tio n  o f  eggs o r  embryos recovered fro m  th e  u te ru s . 
Com parison o f  th e  s ta g e  o f  development o f th e  erorg/o w ith  t h a t  expected
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fro m  i t s  e s tim a te d  age nx-sy be u s e fu l.  A lth o u g h  i t  i s  d i f f i c u l t  in  
th e  cow to  s ta te  p r e c is e ly  th e  t im e  o f  o v u la t io n  and th u s  th e  e x a c t 
t im e  o f  egg c le a v a g e , s e v e ra l w o rke rs  have a tte m p te d  to  d e f in e  t h i s  
(H a m ilto n  and L a in g , 1946; A u s t in ,  1961). F o llo w in g  f e r t i l i s a t i o n  
th e  f i r s t  c leavage  appears t o  o c c u r a p p ro x im a te ly  20 -24  hours  a f t e r  
o v u la t io n  w ith  subsequent c leavages  every  19-24 h o u rs . The t im e  o f  
e n t r y  in t o  th e  u te ru s  is  72-84 hours and th e re fo re  th e  embryo a t  t h i s  
p o in t  is  a t  th e  8-16 c e l l  s ta g e . The sequence o f  e ve n ts  in v o lv e d  
in  em bryon ic  development has been observed  by n o t in g  th e  changes 
o c c u r r in g  in  c u l tu r e  (T rounson , U 'illa d s e n  and Rowson, 1976 ). Sore 
changes re s e m b lin g  c leavage  have, how ever, been shown in  sev e ra l 
s p e c ie s  to  o c c u r in  u n f e r t i l i s e d  eggs. These changes a re  a s s o c ia te d  
w i th  d is o rg a n is a t io n  and d e g e n e ra tiv e  fra g m e n ta t io n  o f th e  eggs 
(A u s t in ,  IG S l) .  O v e r a l l , the se  changes d i f f e r  in  c e r ta in  fe a tu re s  
fro m  th o se  in  f e r t i l e  eggs and as such may be d i f f e r e n t ia t e d  fre m  them .
The g row th  o f  errbryo t r a n s f e r  in  c a t t l e  has prom pted s e v e ra l 
wo rise rs  to  a tte m p t t o  d e f in e  w hat c o n s t i tu te s  a ’ n o n ra l ' embryo.
V a r io u s  c r i t e r i a  have been used . F o r exam ple , w orker's have sco red  
embryos on th e  com pactness, synm e try  and d e n s ity  c f  th e  b la s to p o re s  
a t  known s ta g e s  o f  deve lopm en t. The v a l i d i t y  o f  th e  s c o r in g  te c h n iq u e s  
has been assessed by subsequent t r a n s f e r  o f  th e  embryos to  t e s t  cows 
( Church and Shea, 1975; Shea, H in e s , L ig h t f o o t ,  O l l i s  and O lso n , 1975 ), 
As an a l t e r n a t iv e  te c h n iq u e , m o rp h o lo g ic a l e v a lu a t io n  o f  c a t t l e  em ciycs 
has been r e la te d  to  t h e i r  subsequent deve lopm ent in  th e  r a b b i t  o v id u ct 
(B o la n d , C rosby and G ordon, 1978 ). A d i f f e r e n t  approach has been 
th e  measurement o f th e  g lu co se  consum ption  and growth o f erd jiyos in
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c u l tu r e  system s (R enard, Menezo, Saumande and Heyrran, 1 9 /8 ) .  I t  has 
been shown in  th e  r a b b i t  t h a t  expansion  o f  th e  b la s to c y s t  is  a s s o c ia te d  
w i th  an in c re a s e  in  g lu co se  m e tab o lism  ( B r in s te r ,  1363),
D e ta i le d  changes in  th e  m orphology o f  th e  d e v e lo p in g  embryo 
have been d e s c r ib e d  u s in g  phase c o n t ra s t  m ic ro sco p y . From these  
s tu d ie s  a c la s s i f i c a t io n  based on th e  degree o f  c e l l u l a r  o rg a n is a t io n  
and th e  nufdocr o f c e l ls  p re s e n t was e s ta b lis h e d .  Embryos were d iv id e d  
in t o  n o r r re l,  those  in  th e  p rocess  o f  d e g e n e ra tio n  and th o se  a lre a d y  
d egene ra ted  (L inares  and K in g , 1983 ). Bubsequent s tu d ies  u s in g  th e  
t ra n s m is s io n  e le c tr o n  m icroscope  co n firm e d  th e s e  c la s s i f ic a t io n s  w ith  
abnorm a l eggs a p p e a rin g  le s s  w e l l  d i f f e r e n t ia t e d  than norm als (F lo e n , 
L in a re s  and E k v /a ll,  1960).
A means o f  e xam in ing  th e  e x te rn a l s t r u c tu r e  o f  th e  embip/os 
a t  a g re a te r  m a g n if ic a t io n  may re v e a l f u n c t io n a l l y  s ig n i f i c a n t  
d i f fe r e n c e s  between v ia b le  and n o n -v ia b le  eggs. R e c e n tly  te ch n iq u e s  
have been d e s c r ib e d  f o r  th e  e xa m in a tio n  o f  b o v in e  b la s to c y s ts  and 
d e v e lo p in g  mouse entiryos  by means o f  the sca nn in g  e le c t r o n  m ic roscope  
(F le ch o n  and Renarei, 1978; Graham and Len tonen , 1973; Reeve 
and Z iom ek, 1981), T e c h n ic a l d i f f i c u l t i e s  o c c u r  in  th e
p ro c e s s in g  c f  eggs f o r  sca n n in g  e le c tr o n  m ic rosco p y  due to  th e  s m a ll 
s iz e  o f th e  egg. Reeve e t  a l  (1961) describe th e  use o f a technique  
e m p lo y in g  th e  adh e s ive  q u a l i t ie s  o f  p o l y - l - l y s in e ,  a p o ly c a t io n ic  
su b s ta n ce  w h ich  adsorbs s tro n g ly  to  s o l id  s u rfa c e s . The c a t io n ic  
s i t e s  p ro v id e  a f i r m  attachm ent f o r  th e  a n io n ic  s i t e s  on c e l l  surfaces  
( r ia z ia ,  S ch a tte n  and S a le , 1975). E a r l ie r  te c h n iq u e s  o f  p re p a ra t io n  
o f  t is s u e s  f o r  sca n n in g  e le c t r o n  m ic roscopy  u s in g  fre e z e  o r a i r  d ry in g
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caused a r t e f a c t s .  The use o f  a c r i t i c a l  p o in t  d ry in g  method has been 
shown to  p re s e w e  th e  o v e r a l l  s iz e ,  shape and s u r fa c e  to p o g ra p h y  o f  
e m b ryo n ic  t is s u e s  (W aterman, 1972 ). One m a jo r l im i t a t io n  o f  sca n n in g  
e le c t r o n  m ic rosco p y  i s  t h a t  o n ly  th e  surface  o f  th e  sample can be 
exam ined. To overcome t h i s  l im i t a t i o n ,  workers in v o lv e d  in  e x a m in a tio n  
o f  m ice  embryos have removed th e  zona p e l lu c id a  by means o f th e  enzyme 
p ronase  (Reeve e t  a l ,  1981 ). A com parable  te c h n iq u e  is  n o t a p p lic a b le  
t o  th e  cov; as th e  zona p e l lu c id a  i s  re s is ta n t  t o  pronase , A lth o u g h
th e  d e l ic a te  te c h n iq u e  o f  m ic rom an ip u 1a t io n  can be used t o  remove the  
zona fro m  f re s h  cow eggs, t h i s  becomes more d i f f i c u l t  w ith  f ix e d  eggs 
(W illa d se n  and P o lg s , 1561; V h lla d s e n , 1980, 1981 ). The use o f  a 
r e a c t iv e  oxygen plasma has been described as a means o f  s u r fa c e -e tc h in g  
k id n e y  t is s u e  f o r  e x a m in a tio n  o f  th e  u lt ra s t ru c tu re  o f  th e  u n d e r ly in g  
c e l l  o rg a n e lle s  u s in g  th e  sca nn in g  e le c tr o n  microscope (Humphreys 
and Henk, 1 979 ). The use o f  a s im i la r  method to  rer.iove s u c c e s s iv e  
la y e rs  o f  egg su rface  may p ro v id e  mci~e in fo rm a t io n  on w hat c o n s t i tu te s  
a 'n o rm a l' egg.
The reco very  fro m  th e  u te ru s  o f  a norm al egg a t th e  expe c ted  
t im e  w ou ld  be p ro o f  o f  o v id u c t  f u n c t io n ,
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4 .2 .1  -  SUPEROVULATION AND EGG RECOVERY
The use o f  s u p e ro v u la t io n  and egg re c o v e ry  to  assess o v id u c t  
fu n c t io n  e n t a i ls  th e  c h o ic e  o f  f i r s t l y , a s u i t a b le  method o f  s u p e r- 
o v u la t io n ,  s e c o n d ly , a te c h n iq u e  f o r  recovery/ o f  th e  eggs and t h i r d l y ,  
a way o f  m o n ito r in g  th e  o v a r ia n  response to  th e  s u p e ro v u la to ry  d ru g .
The d rug  chosen was PMSG s in c e  i t  i s  r e a d i l y  a v a i la b le  as a 
s ta n d a rd is e d  p re p a ra t io n ,  is  easy to  a d m in is te r  r e q u ir in g  a s in g le  
in je c t io n  and has been shown to  p roduce  a s u i t a b le  s u p e ro v u la to ry  
response  in  la rg e  nurabere o f  cows (G ordon, 1975).
PMSG is  ccmrr'only employed in  s u p e ro v u la t io n  reg im es a t  a dosage o f
3 ,0 0 0  iu  (S can lon  e t  a l ,  1368, Booth e t  a l ,  1975, ('lewcomb, I9 6 0 ) .  
However, i t  may be t h a t  th e  optim um c o n d it io n s  f o r  s u p e ro v u la t io n  
a re  n o t th e  most u s e fu l f o r  t e s t in g  o v id u c t  fu n c t io n  and thic use o f  
a d i f f e r i n g  dosage reg im e  may be more a p p ro p r ia te .  The c h o ice  o f  
a n o n -s u rg ic a l embry/o r e c o v e t e c h n iq u e  a llo w s  r e p e t i t i v e  c o l le c t io n  
o f  embryos fro m  th e  u te ru s .  In  th e  cow, th e  Gmbryo e n te rs  th e  
u te ru s  a t  day 3 o r  4 fo l lo w in g  m a tin g  (H a m ilto n  and L a in g , 1945 ), 
W orkers in  com m erc ia l endiy/o t r a n s f e r  g e n e ra lly  re c o v e r  th e se  embryos 
a t  day 6 to  9 , when th e y  w i l l  r e a d i ly  t r a n s p la n t  in t o  a n o th e r  a n im a l 
( Lawson, Rowson, Moor and T e r e i t ,  1975 ). However, s in c e  the se  s tu d ie s  
in v e s t ig a te  o v id u c t  fu n c t io n ,  embryo re c o v e ry  •■:as c a r r ie d  o u t a t  
t h i s  t im e  in  some a n im a ls , b u t c o n s id e ra b ly  e a r l i e r  in  o th e rs  in  o rd e r  
t o  re c o v e r  eggs as soon as p o s s ib le  a f t e r  t h e i r  d esce n t in t o  th e  
u te ru s .  M o n ito r in g  th e  o v a r ia n  response com prised  a co m b in a tio n  
o f  r e c t a l  p a lp a t io n  o f  th e  o v a r ie s  and assay o f  c i r c u la t in g  gonada l 
s t e r o id s ,  w ith  e x a m in a tio n  o f  th e  o v a r ie s  a t  s la u g h te r  ch e ck in g  th e
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accu racy  o f  th e se  te c h n iq u e s .
The o b je c t  o f  t h i s  s tu d y  is  to  assess i f  s u p e ro v u la t io n  and 
en-bryo re c o v e ry  is  a v a l id  method o f  a sse ss in g  o v id u c t  fu n c t io n  in  th e  
cow. S tu d ie s  d ir e c te d  tow ards  s e le c t io n  o f  a s u p e ro v u la to ry  te c h n iq u e  
g iv in g  th e  re q u ire d  degree o f  h y p e re t i ip u la t io n  and th e  most a p p ro p r ia te  
t im e  and method o f  re c o v e r in g  eggs w i l l  be done. The v a l i d i t y  o f  
th e  te c h n iq u e  was co n firm e d  by s e q u e n t ia l n o n i to r in g  o f  o v a r ia n
response  p r i o r  to  embryo recovery/ and subsequent s la u g h te r .
4 ,2 .2  -  MATERIALS AND METHODS
A n im a ls  :
The c a t t le  used were a m ix tu re  o f  breeds b u t m a in ly  A yrsh ires  
A l l  were la c t a t in g  and w ith  th e  e x c e p tio n  o f  1 a n im a l were cows.
R e c ta l p a lp a t io n  and b e h a v io u ra l o b s e rv a tio n s  were used to  d e te rm in e  
th e  n o rm a lity  o f  th e  re p ro d u c t iv e  t r a c t  p r io r  to  t re a tm e n t ,  end o n ly  
th o s e  an im a ls  w ith  no gross g e n i ta l  a b n o rm a lit ie s  were used. The 
r e p ro d u c t iv e  h is t o r y  o f  th e  c a t t le  w as, f o r  th e  m a jo r i t y ,  unknov/n.
The a n im a ls  were ke p t in  an o u td o o r c a t t le  c o u r t , bedded on s tra w  
and fe d  on hay and c o n c e n tra te . In  g e n e ra l,  cov/s were k e p t in  g roups 
o f  4 o r  rroire. A r t i f i c i a l  in s e m in a t io n  was c a r r ie d  o u t by r o u t in e  
te c h n iq u e s  u s in g  c o m T e rc ia lly  a v a i la b le  semen. Cows f i r s t  observed  
i n  o e s tru s  between 7 ,3 0  and 13.00 hours  were in s e m in a te d  d u r in g  th e  
a fte rn o o n  o f  t h a t  day and aga in  24 houre la t e r .  In s e m in a tio n  o f  cows 
f i r s t  observed  in  oestrus a f t e r  13.00 hours was d e la ye d  u n t i l  th e  
f o l lo w in g  m orn ing  and a ga in  re p e a te d  24 hours la t e r ,  One s tra w  
o f  semen was in s e m in a te d  on each o cc a s io n . W e igh ts  end body c o n d it io n  
o f  th e  cows were d e te rm in e d  th ro u g h o u t th e  e x p e r im e n t.
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Drugs :
P regnan t mare serum 
g o n a d o tro p h in  (PMSG) 
[ p o l l ig o n ]
In te r v e t  Lab. L td ,
S c ience  P a rk , M il to n  Road, 
C am bridge.
In te r v e t  Lab, L td ,Human c h o r io n ic  
g o n a d o tro p h in )
CChorulon)
The above p re p a ra t io n s  ware s to re d  a t  4°C and r e c o n s t i tu te d  w ith  th e  
d i s t i l l e d  w a te r  s u p p lie d  by th e  m anufacturer when re q u ire d .  The same b a tch  
num ber [2842) o f  F o l l ig o n  was used th ro u g h o u t th e  experim ent.
D in o p ro s t 5 mg/m l 
C Lu ta lyse )
Hyos0in e  H -b u ty lb ro m id b  
Dipyrone
(Buscopan Composiurn)
L ig n o c a in e  2%
(X y lo c a in s )
Acepro 'Tszine  m a lea ta  
(A c e ty lp rc m a z in e  10 rng/m l)
Upjohn L td . ,  C raw ley .
West Sussex.
B o eh rin g cr-In g elh e im  L t d . ,
B ra ckne11, B e r k s h ire .
A s tra  C hem ica ls 
C -Vet L t d . ,
B ury S t.  Edmunds, S u f fo lk ,
□ x y te t r s c y c l in e  h y d ro c h lo r id e  P f iz e r  L td . ,
(T e rra m yc in  Q50 53 m g/m l) Sandw ich, K en t.
S u p e ro v u la t io n  reg im e :
The regime emoloyed f o r  s u p e ro v u la t io n  is  shown in  th e  f lo w  
d ia g ra m . Day 0 was d e s ig n a te d  day o f  s ta n d in g  o e s tru s .  PMSG and 'D in o p re s  
w ere  in je c te d  in t r a m u s c u la r ly ,  'C h o ru lo n ' was in je c te d  in t ra v e n o u s ly .
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Day of  o e s tro u s  c y c le
Day 1 1 ------------------— —  PMSG
Day 12 -------------- ——  D in o p ro s t (25 mg)
D ay 0 ----- -------------------  (HCG -  3 ,000  iu )
A l
Day 1 ‘—----—-— Al l
Day 4 + Day 5— —-— Embryo recovery/
Day 7 ------------- -----------  Embryo re c o v e ry
* HCG vyas a d m in is te re d  to  a p ro p o r t io n  o f  a n im a ls  o n ly .
Embryo re  cove l y  was c a r r ie d  o u t a t e i t h e r  o f  th e s e  t im e s .
Embryo re c o v e ry  :
E q u ipment
S ta in le s s  s te e l  speculum  (T .A . S a u l, L in o s )
S ta in le s s  s te e l  in t r o d u c e r  (T .A . S a u l, L in e s )
3 -w ay, 14 gauge, 20 m l b u lb , embryo c o l le c t io n  c a th e te r  
( F r a n k lin  B Sons, H igh bycombe)
C a th e te r  co n n e c to rs  -  p a le  b lu e  (T .A , S a u l, L in e s ) 
C a th e te r  s to p s  -  d a rk  b lu e  (T .A . S a u l, L in e s )
D isp o sa b le  s y r in g e s ,  50 m l and 20 ml
100 m l g la s s  b o i l in g  tub e s
G lass egg c o l le c t io n  cups (Camlab)
300-500 mil D u lb e cco ’ s phosphate  b u f fe re d  s a l in e  (PPS) 
(G xo id  L t d . )
D u lb e c c o 's  PBS was made up by d is s o lv in g  5 t a b le t s  (D u lbecco  A,
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D xo id  L td . )  in  500 ml o f  d i s t i l l e d  vya te r.
D e ta i ls  o f  th e  equ ipm ent used a re  shown in  P la te  4 .2 .1 .
S t e r i l i s a t io n  o f  equipm e n t
The s ta in le s s  s te e l  speculum  and in t r o d u c e r ,  c u ffe d  c a th e te rs  
and s y r in g e s  were s t e r i l i s e d  as d e s c r ib e d  p r e v io u s ly .  The c a th e te r  
c o n n e c to rs  and s to p s  were r in s e d  w ith  d i s t i l l e d  w a te r  and s to re d  in  
s u r g ic a l  s p i r i t .
The PÜS f l u i d  was s t e r i l i s e d  u s in g  a p o r ta b le  steam  s t e r i l i s e r  
(T h a cke ray  ty p e )  a t  121°C, 15 Ih /s q  in  f o r  20 m in u te s . Im m e d ia te ly  
b e fo re  use th e  f l u i d  was warned to  37°C in  a w a te r  b a th .
P re pa r e t  i o n o f  th e  anim a l
The cow was p re m e d ica te d  u s in g  20 m l Busconan in t ra m u s c u la r ly ,  and 
1 .5  m l aceprom azine (ID  m g/m l) in t o  th e  t o i l  v e in .  The rec tum  was
e vacu a te d  and th e  p e r in e a l and t a i l  a rea  c lip p e d  and c leaned  u s in g  a
d i l u t e  s o lu t io n  o f  S av lon  (C e tr im d c e /c h lo rh e x id in e  I . C . I . ) .  5 -8  rrJ.
L ig n o c a in e  (2%) was a d m in is te re d  as an e p id u ra l a n a e s th e t ic .  The
a n im a l was th e n  p la ce d  in  a c ru sh  ra is e d  a p p ro x im a te ly  25 cm a t  th e  
f r o n t  end and r e s t ra in e d  by a h a l te r .  The t a i l  v/as t ie d  to  th e  h a l te r ,  
f o r  ease o f  worrying and f i n a l l y  th e  v u lv a  and pe rineum  were w iped 
w i th  s u r g ic a l  s p i r i t .
M ethod o f  re c o v e ry  o f  eggs:
A m e ta l speculum  was in s e r te d  in t o  th e  v a g in a  as f a r  as the
c e r v ix .  The c e n tre  p ie c e  was rem oved. An in t r o d u c e r  was the n
in s e r te d  th ro u g h  th e  speculum  as f a r  as th e  c e r v ix  and th e  speculum  
re n o vo d . By m a n ip u la t io n  p e r  rec tum  the  in tro d u c e r was passed through
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P la te  4 . 2 , 1  P ouiprent used in  embryo recovery:
1. Speculum; 2. In tro d u c e r; 3. 3-way c a th e te r;  
4 . GO ml syrin g e ; 5. C a th e te r syrin g e ;
6 . C a th e te r connector; 7. C a th e te r s to p .
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th e  c e r \ / ix .  When th e  t i p  o f  th e  in t r o d u c e r  reached beyond th e  
b i f o r c a t io n  o f  th e  u te ru s ,  and was ly in g  in  one o f th e  u te r in e  h o rns , 
th e  c e n tre p ie c e  was removed by an a s s is ta n t  w h ile  th e  ca nnu la  was h e ld  
i n  p o s i t io n ,  th ro u g h  th e  rec tum , by th e  o p e ra to r .  The a s s is ta n t  the n  
fe d  th e  3-way c a th e te r  a lo n g  th e  ca n n u la . The u te r in e  horn  a t  t h i s  
s ta g e  was p u l le d  upwards and backwards t o  f a c i l i t a t e  passage o f  th e  
c a th e te r  to  w i t h in  5 cm o f  th e  u te ro tu b a l ju n c t io n .  The c u f f  o f  th e  
c a th e te r  was in f la t e d  u s in g  a 20 ml s y r in g e  f i l l e d  w ith  D u lb e cco ’ s 
PBS, u n t i l  i t  was co n s id e re d  to  have o cc luded  th e  u te r in e  lumen.
F lu s h in g  o f  the  u te r in e  horn  was begun, u s in g  c o n s e c u tiv e  50 
m l s y r in g e s  f i l l e d  w ith  D u lb e c c o 's  PBS. The c i r c u la te d  f l u i d  was 
c o l le c te d  in t o  b o i l in g  tu b e s . As th e  f i r s t  s y r in g e  o f  f l u i d  was 
pushed th ro u g h  th e  c a th e te r ,  th e  o p e ra to r  g e n t ly  h e ld  th e  u te ro tu b a l 
ju n c t io n  in  o rd e r to  p re v e n t th e  f l u i d  f lu s h in g  th e  o v id u c t .  W ith  
subsequen t f lu s h in g s  th e  u te ru s  was l i f t e d  and massaged in  o rd e r  to  crea t/ 
some tu rb u le n c e  in s id e  th e  h o rn s . When a s te a d y  f lo w  o f  f lu s h in g  
f l u i d  was a c h ie v e d , th e  a s s is ta n t  commenced in je c t io n  o f th e  f l u i d  in  
s u rg e s  o f  20 o r  30 m l. A f t e r  each surge an a tte m p t was made by the  
o p e ra to r  to  remove as much f l u i d  as p o s s ib le  fro m  th e  u te ru s  by g e n t le  
c o n p re s s io n  ar.d 'm i lk in g ' o f  th e  u te r in e  h o rn . F in a l ly  a i r  was 
in je c te d  th ro u g h  th e  c a th e te r  to  remove e l l  f l u i d .  O v e ra l l a p p ro x i­
m a te ly  300 ml o f  f l u i d  was in je c te d ,  v / ith  a re c o it i  ke p t f o r  each cow 
o f  th e  volume in je c te d /v o lu m e  re co ve re d .
The c u f f  was d e f la te d  and th e  3-way c a th e te r  removed. The 
c e n tre p ie c e  o f  th e  in t r o d u c e r  was re p la c e d  and th e  p ro ced u re  repea te r- 
on th e  o p p o s ite  h o rn , u s in g  a second s t e r i l e  c a th e te r .
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E xam in a tio n  o f  f l u i d ;
The b o i l in g  tubes  c o n ta in in g  th e  f l u i d  w ere  p la c e d  in  a 
warm room and l e f t  f o r  a t  le a s t  30 m in u tes  to  a llo w  any p a r t i c le s  
p re s e n t to  se d im en t. The g ro ss  appearance o f  th e  f lu s h in g  f l u i d  was 
n o te d , re c o rd in g  th e  p resence  o f  any b lo o d  and d e b r is .  The uppe r 
GO m l v/as th e n  removed u s in g  a le n g th  o f  p la s t i c  tu b in g  a tta c h e d  to  
a 60 ml s y r in g e .  The re m a in in g  f l u i d  was s v / ir le d  in  th e  tu b e , 
th e n  decanted  in t o  g la s s  egg c o l le c t io n  c u rs . The cups were exam inee 
u n d e r th e  s te re o m ic ro s c o p e  and th e  number o f  eggs re co ve re d  was 
re c o rd e d . I t  was n o ted  ‘w h ich  eggs were f e r t i l i s e d ,  dnd th e  s ta g s , 
by  e xam in ing  th e  number o f  c leavages  and b la s to m e re s  w h ich  were 
p re s e n t (A u s t in ,  1961),
M o n ito r in g  response  to  s u p e ro v u la t io n ;
1. B e h a v io u r. A l l  a n im a ls  were rt-arkod u s in g  t a i l  p a in t  
( T e l l t a i l  ; I . C . I )  end observed  a t  r e g u la r  in t e r v a ls  fro m  7 ,30  am u n t i l  
5 .3 0  pm d a i ly .  The amount o f  p a in t  removed fro m  th e  ta i lh e a d  was 
re c o rd e d . A t t im e s  where an in d iv id u a l  cow was expec ted  in  o e s tru s ,  
an a d d i t io n a l  p e r io d  o f  o b s e rv a t io n  was c a r r ie d  o u t a t  1 0 ,3 3 -1 1 ,0 0  prr. 
O e s tru s  was c o n s id e re d  to  be when th e  cow s to o d  to  be m ounted. Day 
o f  o e s tru s  was d e s ig n a te d  day 0 ,
2 . R e c ta l  p a lpat io n  o f  t he re p ro d u ct i v e  t r a c t . R e c ta l p a lp a t io n  
was c a r r ie d  o u t on th e  day o f  PMSG a d m in is t r a t io n  and a g a in  on th e  day 
o f  f lu s h in g .  T h is  v a r ie d  as to  w h e th e r enbrv/o recovery / was c a r r ie d  
o u t  on day 4 , 5 o r  7 fo l lo w in g  o e s tru s .  R e c ta l p a lp a t io n  was th e n  
c o n t in u e d  on o v e iy  second day u n t i l  e i t h e r  th e  a n im a l was s la u g h te re o , 
o r  a second s u p e ro v u la t io n  programme v/as commenced.
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A t r e c t a l  p a lp a t io n ,  th e  to n s  o f  th e  u te ru s  was rs c c rd e ü  
on a s c a le  ra n g in g  fro m  Ü- (no to n e ) to  3 - ( h ig h ly  to n e d ) .  A 
d ra w in g  o f  th e  s iz e  and shape o f  th e  o v a r ie s  was made and th e  s u r fa c e  
s t r u c tu r e s  marked on th e  s k e tc h . S tru c tu re s  were c la s s i f ie d  as 
f o l l i c l e s  o r  c o rp o ra  lu te a  fo l lo w in g  th e  d e s c r ip t io n  o f  Z em jan is  
(1 9 7 0 ). However, any f in n  s t r u c tu r e  w ith  no p a lp a b le  o v u la to ry  
p a p il lu m  was n o t re g a N e d  as a co rfju s  lu teum .
3 . P e r ip h e ra l plasma p ro re s te ro n e  and o e s tro g e n  c o n c e n tra t io n s  
B lo o d  sarpales were take n  fro m  th e  a n im a ls  d a i ly  between 11.00 a.m and
1 2 .0 0  p.m . A 20 gauge, I 5" v a c u ta in e r  n eed le  was in s e r te d  in t o  th e  
ju g u la r  v e in  and 20 m l o f  b lo o d  w ith d raw n  in to  h e p a r in is e d  v a c u ta in e r  
tu b e s . The b lo o d  was c e n t r i fu g e d  w i th in  2 hours  o f  c o l le c t io n  end 
th e  plasm a s to re d  in  g la s s  v ia l s  a t - 20°C u n t i l  re q u ire d  f o r  a n a ly s is .  
Plasma p ro g e s te ro n e  le v e ls  were d e te rm ine d  fre m  th e  day o f  
PMSG in je c t io n ,  d a i ly  u n t i l  th e  t im e  c f  s la u g h te r .  In  some a n im a ls  
p lasm a o e s tro g e n s  were d e te rm ine d  fro m  5 days p r i o r  to  th e  day o f  
o e s t ru s ,  u n t i l  5 days fo l lo w in g  o e s tru s .  Assays were pe rfo rm ed  u s in g  
e s ta b lis h e d  rad io im m unoassay m ethods (Abraham, S v /e rd lo f f ,  T u lc n in a k y  and 
O d e ll ,  1971; H o tc h k is s , A tk in s o n  and K n o o il,  1371). The plasma sample
vo lum e used ranged fro m  50-200 p i  f o r  p ro g e s te ro n e  and 4 m l f o r  oes trogen -
F o r  th e  m ost p a r t  e x t r a c t io n  was done us ing ' p ro n a ly s is  e th e r  (May &
B ake r) b u t tow a rds  th e  end o f  th e  e xpe rim en t p e tro le u m  s p i r i t  (40 :60  :
BOH) was used w ith  no e f f e c t  on r e s u l t s .  The a n t ib o d y  used was 
Y23 /5  f o r  p ro g e s te ro n e  w ith  m a jo r c ro ss  r e a c t i v i t i e s  to  lla ~ h y d ro x y -*  
p ro g e s te ro n e  (71 .4% ), d e o x y c o r t ic o s te ro n e  (11.1% ) and B g-pregnone- 
3 ,2 0 -d io n e  ( 8 . 8%), and f o r  o e s tro g e n  1602 w ith  m a jo r  c ro s s  r e a c t i v i t i e s  
I Z f - o e s t r a d io l  (100%), o e s tro n e  (0 .7% ), 1 7 h -o e s tra d io l-G -o x o  (44%),
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The s e n s i t i v i t y  o f  th e  assay and the^ in t e r -  and in t r a -a s s a y  c o e f f ic ie n ts  
o f  v a r ia t io n  were 0 .2  n r /1 ,  11 .4% , 9,1% and 18.4  p n '/ l ,  17 .4% , 13.2% 
f o r  p ro g e s te ro n e  and o e s tro g e n  r e s p e c t iv e ly .
4 . Post-mortem exam in a tion . The m a jo r i t y  o f  th e  a n im a ls  were 
s la u g h te re d  soon a f t e r  t h e i r  la s t  s u p e ro v u la t io n  t re a tm e n t in  o rd e r  to  
exam ine th e  s t r u c tu r e s  p re s e n t on th e  o v a r ie s . The day o f  s la u g h te r  
v a r ie d  bstweon day 3 and 10 fo l lo w in g  embryo re c o v e ry  on day 4, 5 o r  7, 
t o  e na b le  blood sam ples f o r  gonada l s te ro id  le v e ls  to  be ta ke n  o v e r  a 
lo n g e r  p e r io d ,  b u t w h ile  th e  s tru c tu re s  on th e  ovary v /e rr s t i l l  
c o m p a tib le  w ith  th o se  present on the day o f  embryo reco very . Passage 
o f  dye o r p o l le n  g ra in s  fo l lo w in g  t l ie  te c h n iq u e s  o u t l in e d  in  Chapter 
2 was c a r r ie d  c u t on the  t r a c ts .  S e c tio n s  were ta k e n  from a number 
o f  o v a r ia n  s tru c tu re s . These wore processed f o r  h is t o lo g ic a l  
e x a m in a tio n  u s in g  th e  f ix a t io n  and s ta in in g  te c h n iq u e s  described  
p r e v io u s ly  (C h a p te r 2 , page 2 9 }.
U s ing  th e s e  te c h n iq u e s , th e  fo l lo w in g  s tu d ie s  were c a r r io c  
o u t  t o  d e te rm in e  th e  number o f  eggs p re se n te d  to  th e  o v id u c t ,  ano 
th e  nurrbers re co ve re d  fro m  th e  u te ru s ,  f o l lo w in g ;
Exp e r im e n t 1 . A standard  doss c f  Fi"?G.
F iv e  cows were in je c te d  w ith  3 ,ODD iu  PMSG. Errbryo
re c o v e ry  was c a rr ie d  o u t on day 7, end 3 o f  th e  a n im a ls  were s u b s e q u e n tly  
s la u g h te re d  between days 11 and 15.
E xpe rim en t A s in g le  low  dose o f  PMSG
S ix  cows w ere in je c te d  w ith  1,5GD iu  PMSG, Two o f  th e
a n im a ls  were in je c te d  w ith  3J0D0 iu  HCG a t  th e  t i r r e  o f  th e  f i r s t  A . I ,  
Efrbry'o recovery was c a r r ie d  o u t on days 4 and 5.
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E x p e r iment 3 . Repeated lev/ doses o f  PMSG
F o u r o f  th e  cows used in  E xpe rim en t 2 were r e in je c te d  w ith  
a f u r t h e r  1 ,500 iu  PMSG. The repeated in je c t io n  was given 35-53 days 
a f t e r  th e  f i r s t  and fo l lo w e d  th e  cows re tu r n in g  to  oestrus s p o n ta n e o u s ly  
o r  f o l lo w in g  a doub le  in je c t io n  o f p ro s ta g la n d in .  Two o f  th e  an im a ls  
w ere  in je c te d  w ith  3 ,000  iu  HCG a t  th e  t im e  o f  th e  f i r s t  A . I .  E rb ryo  
recovery/ was c a r r ie d  o u t on days 4 and 5. Two a n im a ls  were s la u g h te r s  
between days 0 and 10.
E xpe rim en t _£. In c re a s in g  doses o f  P"'SG
Two o f th e  cows used in  Exyver i r e n t  2 were r e in je c te d  w ith  
3 ,0 0 u  iu  PMEG. The second in je c t io n  t im in g  and subsequent trea tm ent 
were; as d e ta i le d  f o r  E xpe rim en t 3 , bur, w ith  n e ir h e r  cow re c e iv in g  HCG.
4 , 2 . 3  -  RESULTS
E xp e rim e n t 1. Embryo re c o v e ry  and o v a r ia n  response fo l lo w in g  a 
standard dose o f PMSG;
A l l  5 cov/s were c o n firm e e  by r e c ta l  p a lp a t io n  es hav ing  a 
m a tu re  corpus lu teu m  (CL) a t the  t im e  o f PMSG a d m in is t r a t io n .  F o llo w in g  
p ro s ta g la n d in  (PC) in je c t io n  a l l  a n im a ls  siiowsd o e s tru s  3 days la t e r .
A l l  o f  th e 'c o w s  were no lo n g e r  in  oestrus by day 4. Tho r e s u l t s  o f  
r e c t a l  p a lp a t io n  c f  th e  o v a r ie s  irm re d la te ly  p r io r  t o  f lu s h in g  (day 7) 
a re  d e ta i le d  in  T a b le  4 . 2 . 1 ,  Marked v a r ia t io n  o c c u rre d  in  th e  number' 
o f  corpora lu te a  p a lp a te d . In  cow 2 t l is  l e f t  o va ry  contained a 
num ber o f  s rreo th , f i r m  s tru c tu re s  f u l f i l l i n g  n e i th e r  th e  c r i t e r i a  f o r  
c o rp o ra  lu te a  o r  f o l l i c l e s .  k i t h  th e  e x c e p tio n  o f  t h i s  a n im a l, a 
s im i la r  response was found  in  in d iv id u a l  o varies  w ith in  cov/s. R e su lrs  
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were m a rke d ly  few er embryos recovered tha n  was e xpec ted  fro m  th e  
num ber o f  c o rp o ra  lu te a  p a lp a te d . The egg re c o v e re d  fro m  cow 1 was 
i n f e r t i l e .  A l l  o th e rs  w ere f e r t i l i s e d .  C c rp a r is o n  o f  th e  o v a r ia n  
s t r u c tu r e s  fo u n d  a t  s la u g h te r ,  w ith  th o se  d e te c te d  a t  r e c ta l  p a lp a t io n ,  
a re  shown f o r  3 anim als (T a b le  4 .2 .1 ) .  In a c c u ra c ie s  were a pp a re n t 
i n  th e  a p p re c ia t io n  p e r  re c tum  oP b o th  numbers and ty p e  o f  s t r u c tu r e s .  
The s t r u c tu r e s  p a lp a te d  in  th e  l e f t  ovary o f cow 2 ranged in  s iz e  fre m  
8 -1 8  nm; were re d  o r  b u f f  in  c o lo u r /  m ainly s o ft  in  c o n s is te n c y ; 
had a smooth s u r fa c e  and no evidence o f  an o v u la to ry  p a p il lu m  (P la te  
4 .2 .2 ) .  On s e c t io n ,  some c o n ta in e d  a c e n t r a l  la c u n a , whereas others  
w e re  s o l id  th roughout. On h is t o lo g ic a l  exam ination , l u t e in  c e l ls  
w ere i d e n t i f i e d  (P la te  4 .2 .3 ) .  On th e  b a s is  o f  g ro ss  appearance and 
h is t o lo g ic a l  e x a m in a tio n , th e s e  were d e s ig n a te d  lu t e in is s d  s tru c tu re s .  
S t ru c tu re s  were a ls o  p re s e n t w h ich  wore sm ooth, t h in - w a l le d  and c o n ta in ; 
f o l l i c u l a r  f l u i d .  There  was e v id en ce  o f lu te a l  t is s u e  p re s e n t on 
th e  f o l l i c u l a r  w a l l .  These were d e s ig n a te d  lu t e in is e d  f o l l i c l e s  
(P la te  4 .2 .2 ) .
k i t h  th e  e x c e p tio n  o f  th e  l e f t  o v id u c t  c f  cow 5, a l l  o v id u c ts  
w ere  p a te n t to  passage o f  dye (T a b le  4 .2 .1 ) .  F a i lu r e  to  re c o v e r  
Bmb rye s  fro m  5 u te r in e  horns 'was n e i th e r  a s s o c ia te d  w ith  a la c k  o f  
o v a r ia n  response  n o r  w ith  b lo cka g e  o f  th e  o v id u c t ,
P e rip h e ra l plasm a progesterone le v e ls  f o r  th e s e  5 a n im a ls , 
f ro m  day o f  PMSG a d m in is t r a t io n  to  day 7, e re  i l l u s t r a t e d  in  F ig .
4 .2 .1 ,  In  g e n e ra l,  th e  a d m in is t r a t io n  o f  p ro s ta g la n d in  caused a 
m arked re d u c t io n  to  b a s a l le v e ls .  The subsequent p a t te rn  o f  plasm a 
p ro g e s te ro n e  v a r ie d  m a rke d ly  amongst a n im a ls . In  2 cows (3 , 5 ),
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P la te  4 . 2 . 2  L e ft  ovary' o f Co-w 2, showing :
1. Corpus luteum; 2 . F o l l ic le ;  3. L u te in ise d  f o l l i c l e ;
4. L u te in ise d  s tru c tu re .
Ill
P la te  4 , 2 . 3  S ection  o f lu te in is e d  s tru c tu re  from l e f t  ovary' 
(Ccw 2 ) ,  showing lu te in  c e lls
2
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FIGURE 4 . 2 . 1  PLASMA PROGEETLPuNE PROFILES OF 5 COWS FOLLOWING 
ADMINISTRATION CF 3 ,COO iu  PMSG
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th e re  was a ra p id  in c re a s e  f r o i r  day 2 . A f u r t h e r  2 (2, 4) showed a 
m ore g ra d u a l and d e laye d  In c re a s e . In  1 cow C l) plasm a p rc g e s te ra n s  
le v e ls  were a lre a d y  b a s a l a t  th e  t im e  o f  Pf'IGG a d m in is t r a t io n  and shevsd 
no e v idence  o f  a c o n s is te n t ly  in c re a s in g  p a t te r n  a f t e r  o e s tru s .
The p a t te rn  o f  p ro g e s te ro n e  in c re a s e  appeared r e la te d  to  tn e  
num ber o f  CL p a lp a te d  in  th e  o v a r ie s ,  w ith  th e  m ost marked in c re a s e  
ta k in g  p la c e  in  cows w ith  th e  g re a te s t  number o f  CL (3 , 5 ) .  Plasma 
p ro g e s te ro n e  le v e ls  a t  day 7 v 'ere lo o s e ly  r e la te d  to  th e  number o f  CL 
p a lp a te d  in  th e  o v a r ie s ,  w ith  th e  s m a lla s t  number o f  CL a s s o c ia te o  
w i th  th e  lo w e s t le v e ls  and th e  h ig h e s t number w ith  th e  g re a te s t  le v e ls .
I n  th e  3 a n im a ls  t h a t  wore s la u g h te re d  Cl, 2, 3 ) ,  th e  d i r e c t  r e la t io n s h ip  
between CL numbers and plasma p ro g e s te ro n e  c o n c e n tra t io n s  was m a in ta in e d . 
I n  cow 2 , w ith  8 lu te in is e d  s t r u c tu r e s  p re s e n t a t  s la u g h te r ,  th e  plasm a 
p ro g e s te ro n e  le v e ls  rem ained r e la t i v e l y  lovy compared to  cows 3, 4 ana 
5 , b u t c o n s id e ra b ly  h ig h e r  th a n  in  th e  re m a in in g  a n im a l,
W ith in  in d iv id u a l  a n im a ls , th e  peak plasm a c o n c e n tra t io n  
o f  OGstrogens was reached 4 to  5 days a f t e r  PMCG a d m in is t r a t io n .
These peaks o c c u rre d  e i t h e r  th e  day b e fo re  c r  th e  day o f  o e s tru s .  
P e r ip h e ra l plasma o e s tro g e n  le v e ls  f o r  th e  in d iv id u a l  a n im a ls  a re  
i l l u s t r a t e d  in  P ig . 4 ,2 .2 .  These r e s u l t s  a re  p re s e n te d  as th e  le v e ls  
f o r  each day b e fo re  and a f t e r  th e  peak c o n c e n tra t io n ,  O ostrogens 
in c re a s e d  o v e r  a p e r io d  o f  1 -3  days, A t e n - f o ld  d i f fe r e n c e  was found  
i n  th e  peak le v e ls  amongst in d iv id u a l  cows (5 v 1 ) .  The h ig h e s t 
peak c o n c e n tra t io n s  o c c u rre d  in  cov/s 3 and 5, in  w h ich  th e  g re a te s t  
number o f  CL were s u b s e q u e n tly  p a lp a te d . C o n v e rs e ly , cow 1, w h ich  
a c c o rd in g  to  r e s u l t s  o b ta in e a  a t  s la u g h te r  had o n ly  2 CL, had th e
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FIGUCC 4 . 2 . 2  PLASMA OESTROG&I PROFILES OF 5 COLS FOLLOWING 
ACNILISTRATION OF 3 ,000  iu  PFISC. PMSG WAS 
AOFTNISTEREO AT DAY -5  OR -4 .
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lo w e s t peak o f  plasma o e s tro g e n s . In  a l l  cases th e  peak c o n c e n tra t io n s  
w ere  fo l lo w e d  by a r e tu r n  t o  b a sa l le v e ls  w i th in  1 -2  days.
E xp e rim e n t 2 , Ernbip/o re c o v e ry  and o v a r ia n  response  fo l lo w in g  a 
s in g le  low  cose o f  PMSG:
A l l  6 cows were confirm ed by r e c t a l  p a lp a t io n  as hav ing  
a m ature  CL a t  th e  t im e  o f  PMSG a d m in is t r a t io n .  P ith  th e  e x c e p tio n  
o f  cow B, a l l  a n im a ls  showed o o s tre u s  b e h a v io u r 2 days fo l lo w in g  p ro s ta -  
g la n d in  in je c t io n .  Cow 6 showed no s ig n s  o f  o e s tru s  a t  any t im e  and 
was n o t in s e m in a te d . The r e s u l t s  o f  r e c ta l  p a lo a t io n  o f  th e  o v a r ie s  
irrm erii a te ly  p r i o r  to  th e  f i r s t  f lu s h in g  (day 4) are shown in  T ab le
4 .2 .2 .  There  was a w ide  v a r io t io n  amongst cows in  th e  response  to  
th e  same dose o f  PMSG, However, w i th in  cows, s im i la r  responses vrers 
fo u n d  in  each o v a ry . Cov,' 11 a p p a re n t ly  f a i le d  to  respond to  th e  
d ru g . On r e c t a l  p a lp a t io n ,  b o th  o v a r ie s  o f  cow 10 c o n ta in e d  an 
u n d e f in a b le  number o f  f l u i d  f i l l e d  s t r u c tu r e s .  O v e ra l l  o v a r ia n  
d im e ns ion s  were 6 x 4 x 3  cm and 7 ,5  x 5 x 3 cm. These c v a r is s  were 
c o n s id é ré e  to  c o n ta in  e i t h e r  la rg e  numbers o f  f o l l i c l e s  o r  c y s ts .
Among o th e r  cows, th e  numbers o f  CL p a lp a te d  v a r ie d  fro m  16 in  cow 5 to  5 
i n  cow 6. In  th e  m a jo r i t y  o f  cases, fe w e r erbiA'Cs w sre  re co ve re d  th e n  
CL p a lp a te d . E ig h t i n f e r t i l e  eggs were re co ve re d  fro m  cow 8. A l l  
o th e r  embryos c o l le c te d  were f e r t i l i s e d  and ranged fre m  th e  4 - c e l l  
t o  th e  I C - c e l l  s ta g e . R e f lu s h in g  on day 5 y ie ld e d  no f u r t h e r  e rrb iy o s .
P e r ip h e ra l plasma progesterone le v e ls  f o r  th e se  a n im a ls , 
from  day o f  FH5G a d m in is t r a t io n  to  day 7, a re  i l l u s t r a t e d  in  F ig .  4 .2 .3 .  
I n  g e n e ra l,  th e  a d m in is t r a t io n  o f p ro s ta g la n d in  caused a marked re d u c t io n  
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FIGURE 4 . 2 . 3  PLASMA PRUGESTEPCNE PROFILES OF 6 COOS FOLLOWING 


























' l o i u u  D ( ) W d
116
Marked d if fe re n c e s  amongst an im a ls  o cc u rre d  in  th e  t im e  and p a t te rn  
o f  in c re a s e . Cow 10 d id  n o t show any c o n s is te n t  p a t te rn  o f  in c re a s e  
th ro u g h o u t th e  p e r io d  o f  s tu d y . In  th e  o th e r  a n im a ls , th e  tim e  
p ro g e s te ro n e  s ta r te d  to  in c re a s e  fro m  o e s tru s  v a r ie d  fro m  day 2 to  
day 5. D iv id in g  th e  cows in t o  2  g roups -  th e se  w ith  a m in im a l 
response  (10 , 11) and th o se  t h a t  responded v^e ll (6 , 7, 8 , 9 ) ,  ccws in  
th e  second group  showed th e  most c o n s is te n t  r a te  o f  in c re a s e . The 
cows w ith  th e  maximum p ro g e s te ro n e  le v e ls  a t  day 7 were th e  ones in  
w h ich  th e  g re a te s t  nuntie rs o f  CL were p a lp a te d  (6 , 7, 8, 9 ) .  however, 
amongst an im a ls  w ith  h ig h  p ro g e s te ro n e  c o n c e n tra t io n s  a t day 7, 
th e re  was no c le a r  r e la t io n s h ip  between CL numbers and plasma p ro ge s ­
te ro n e  le v e ls .
The a d m in is t r a t io n  o f  HCG to  2 a n im a ls  (6 , 7) was n e ith e r  
a s s o c ia te d  w ith  an in c re a s e  in  th e  number o f  CL n o r a c h a r a c te r is t ic  
a l t e r a t io n  in  th e  p a t te rn  o f  plasma p ro g e s te ro n e .
E xpe rim en t 3 . Embryo re c o v e ry  and o v a r ia n  response  fo l lo w in g  
re p e a te d  lo.v doses o f  F'MCG:
A l l  4 CGv/s were co n firm e d  by r e c t a l  p a lp a t io n  as h av ing  a 
m a tu re  CL a t  th e  t im e  o f  th e  second FiiSG a d m in is t r a t io n .  F o llo w in g  
p ro s ta g la n d in  in je c t io n  a t  cay 13, 3 an im a ls  were observed  in  o e s tru s  
2 days l a t s r  (6 , 7, 9 ) .  Cow 6 showed no s ig n s  c f  s ta n d in g  o e s tru s  
a t  t h i s  t im e  and was n o t insem inated. The r e s u l t s  c f  r e c ta l  p a lc a t ic n  
o f  th e  o v a r ie s  ir m e d ia to ly  p r i o r  to  th e  second f lu s h in g  (day 4 ) a re  
shc/WF! in  T a b le  4 .2 ,3 .  Amongst cows, d if fe re n c e s  were a pp a re n t in  th e  
numbers o f  CL d e te c te d , ra n g in g  fro m  10 CL in  co*-w 9 , t o  2 gg in  cow c . 
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w ith in  cows. R e s u lts  o f  erbz"yo re c o v e ry  a re  a ls o  d e ta i le d  in
T a b le  4. 2 ,3 . In  th e  m a jo r i t y  o f  cases, fe w e r embryos were c o l le c te d
th a n  CL p a lp a te d . A l l  embryos re co ve red  were f e r t i l i s e d  and ra n g e r 
fru m  th e  4 - c e l l  t o  th e  1 6 - c e l l  s ta g e . R e flu s h in g  on day 5 y ie ld e d  
no f u r t h e r  e rrb ryos. Comparison o f  th e  o v a r ia n  s t r u c tu r e s  found  a t  
s la u g h te r  w ith  th o s e  d e te c te d  a t  r e c t a l  p a lp a t io n  a re  shown f o r  2 
a n im a ls  (T a b le  4 , 2 . 3 ) ,  The re m a in in g  2 a n im a ls  (S, 7) were s la u g h te re d  
2 and 3 months l a t e r  and so com parisons a re  n o t o o s s ib le ,  In  cows 8 
and 9 , in accu rac ies  were a p p a re n t in  th e  a p p re c ia t io n  p e r rectum o f  
b o th  nun tie rs and ty p e s  c f  s tru c tu re s . From o b s e rv a t io n  o f  th e  o v a r ia n  
s t r u c tu r e s  a t  s la u g h te r ,  cow 8 a p p aren tly  responded v / i th  o n ly  1 
o v u la t io n  to  th e  second a d m in is t r a t io n  o f FuSG.
A l l  o v id u c ts  were p a te n t to  passage o f  dye and to  a suspension 
o f  p o l le n  g ra in s  (T a b le  4 . 2 , 3 ) ,  F a i lu r e  to  re c o v e r  embryos from  7 
u te r in e  ho rns  was n e i th e r  a s s o c ia te d  w ith  a la c k  o f  o v a r ia n  response  
n o r  w ith  b lo cka g e  o f  th e  o v id u c t.
R e s u lts  o f  o v a r ia n  p a lp a t io n  o f  s t r u c tu r e s  p re s e n t fo l lo w in g  
th e  f i r s t  a d m in is t r a t io n  o f FflCG a re  shown in  b ra c k e ts  (T a b le  4 . 2 , 3 ) .  
L’ i t h  th e  exception  o f ccw 6, th e re  is  a s im i la r  response  to  th e  
f i r s t  and second tre a tm e n ts .  Cow S shows a marked re d u c t io n  in  th e  
re sp on se  to  th e  second PFSC in je c t io n  ccrnpared to  th e  f i r s t  (1 CL v 
18 CL).
P e r ip h e ra l plasma progesterone le v e ls  f o r  cows 6 , 7, 6 and
9 , fro m  th e  t im e  o f  f i r s t  PMSG a d m in is t r a t io n  to  day 7 fo l lo w in g  th e  
second f lu s h in g ,  a re  s.hown in d iv id u a l l y  in  F ig s . 4 , 2 , 4 ,  4 . 2 . 5 ,  4 . 2 . F 
and 4 . 2 . 7  re s p e c t iv e ly . The r e s u l t s  o f  th e  f i r s t  t re a tm e n t have 
been given p re v io u s ly  (F ig , 4 , 2 . 3 ) .  P ro s tag la n d in , g iv e n  as a
121
FIGURE f . 2 . 4  PL/SMA PROGESTEROnE PROFILES OF CCU 6 FOLLOWING 
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-ÏÜURE 4,2.5 FLASMA PROGESTERONE PROFILES OF COW 7 FOLLOWING
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FIGURE: 4 .2 .6  FLASFA PRGGEGTERÜUE PROFILES OF COU 8 FOLLOWING 
REPEATEO LOU DOSES OF PMSG.
-  T h is  DAY DESIGNATED AS DAY TO ALLOW COMPARISON 
WITH THE OTHER COWS I i j  THE GROUP, ALTHOUGH THE COW WAS 







































FIGURE 4 . 2 . 7  PLASMA PROGESTERONE PROFILES OF COW 9 FOLLOWING 
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doub le  dose in  3 a n im a ls  (7 , 6, 9 ] and as a s in g le  dose in  th e
a t  day 15 o r  14
re m a in in g  cow [6 ] ,  fo l lo w in g  th e  f i r s t  f lu s h in g ,  in  a l l  cases caused 
a marked decrease  in  plasma p ro g e s te ro n e  le v e ls .  T h is  was n o t 
r e f le c te d  in  th e  o ccu rre n ce  o f  o e s tro u s  b e h a v io u r, u n t i l  day 29 in  
cov/ 6, day 28 in  cow 7, day 37 in  cow 8 and day 21 in  cow 9. F o r 
th e  second tre a tm e n t p e r io d ,  PMSC wap a d m in is te re d  a t  day 11 fo l lo w in g  
t h i s  o e s tru s ,  fo l lo w e d  by PG 2 days la t e r .  In  3 ' cows (8 , 9, G) 
p ro g e s te ro n e  le v e ls  were a lre a d y  d e c re a s in g  p r io r  to  a d m in is t r a t io n  o f  
PG, in  th e  re m a in in g  cow (7 } th e  a d m in is t r a t io n  o f PG caused a 
m arked re d u c t io n  to  b a s a l le v e ls .  T h e re a f te r ,  le v e ls  remained low  
th ro u g h o u t o e s tru s .  Marked d if fe re n c e s  arrongst a n im a ls  o c c u rre d  in  
th e  t im e  and p a t te rn  o f  increase  o f  p ro g e s te ro n e . The t im e  progesteron: 
s t a r t e d  to  in c re a s e  v a r ie d  fro m  day 2 to  day 5. Thero  v/as no c le a r  
r e la t io n s h ip  between CL numbers and plasma p ro g e s te ro n e  le v e ls  a t  day 7.
The a d m in is t r a t io n  o f  HCG to  2 cows [6 , 7) was n e i th e r  
a s s o c ia te d  w ith  an in c re a s e  in  th e  number o f  CL n o r  a c h a r a c t e r is t ic  
a l t e r a t io n  in  th e  p a t te rn  o f  plasma p ro g e s te ro n e .
E xp e rim e n t 4 , Embryo re c o v s ry  and o v a r ia n  response  fo l lo w in g  
in c re a s in g  doses o f  PMSG:
Both ccws v;ei~e co n firm e d  by l 'o c ta l  p a lp a t io n  as h a v in g  a 
m a tu re  CL a t  th e  tim e  o f  th e  second PMSG in je c t io n .  F o llo w in g  PG 
in je c t io n  a t  day 13, b o th  cows were observed in  o e s tru s  2 days la t e r .
The r e s u l t s  o f  r e c t a l  p a lp a t io n  o f  th e  o v a r ie s  im m e d ia te ly  p r i o r  to  
th e  second f lu s h in g  (day 4) a re  shown in  Tab le  4 .2 .4 .  The f in d in g s  
in  th e  2 cows a rc  m a rked ly  d i f f e r e n t .  The o v a r ie s  o f  cov/ 10 
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as d e s c r ib e d  p re v io u s ly  [E xpe rim en t 3 ) .  Cow 11 had 3 CL p re s e n t on 
th e  o v a r ie s .  A s im i la r  response  was found  in  th e  in d iv id u a l  o v a r ie s  
o f  each cow. R e s u lts  o f  embryo re c o v e ry  o ra  a ls o  d e ta i le d  in  T a b le  
4 .2 .4 .  No ernbry/os were re co ve re d  fro m  e i t h e r  cow a t  day 4, w ith  2 
i n f e r t i l e  eggs c o l le c te d  fro m  cow 11 a t  th e  re p e a t f lu s h in g  on day 5. 
Com parison o f  th e  o v a r ia n  s t r u c tu r e s  found  a t  s la u g h te r  w ith  th o se  
d e te c te d  a t  r e c t a l  p a lp a t io n  a re  a ls o  d e ta i le d  in  T a b le  4 .2 .4 .  The 
s t r u c tu r e s  observed  on th e  o v a r ie s  o f  cow 10 were as expec ted  fro m  
r e c t a l  p a lp a t io n  [P la te  4 .2 .4 ) .  In  cow 11, marked in a c c u ra c ie s  were 
a p p a re n t in  th e  a p p re c ia t io n  p e r  rec tum  o f  b o th  numbers and ty p e s  o f 
s t r u c tu r e s .  The lu te in is e d  f o l l i c l e  found on th e  l e f t  o va ry  was 
s im i l a r  to  th a t  d e s c r ib e d  in  E xpe rim en t 1," cow 2.
A l l  o v id u c ts  were p a te n t to  passage o f  dye and to  a 
su sp e n s io n  o f  p o l le n  g ra in s  [T a b le  4 ,2 ,4 ) .  A f a i l u r e  to  re c o v e r  
th e  expec ted  n u n iie r o f  embryos fro m  cow 11 was n o t a s s o c ia te d  w ith  
e i t h e r  a la c k  c f  o v a r ia n  response  o r  w ith  b lo ckag e  o f  th e  o v id u c t .
R e s u lts  o f  o v a r ia n  p a lp a t io n  -of s t r u c tu r e s  p re s e n t fo l lo w in g  
th e  f i r s t  a d m in is t r a t io n  o f  FkSG a re  shown in  b ra c k e ts  [T a b le  4 .2 ,4 ) .  
The in c re a s e d  dosage produced a s im i la r  respcnse  in  cow 10. A 
m arked in c re a s e  in  th e  response  to  th e  in c re a s e d  dose o c c u rre d  in  
cow 11.
P e r ip h e ra l plasma p ro g e s te ro n e  le v e ls  f o r  cows 10 and 11, 
fro m  th e  t im e  o f  f i r s t  PMSG a d m in is t r a t io n  to  day 7 fo l lo w in g  th e  
second f lu s h in g ,  a re  shown in d iv id u a l ly  in  F ig s . 4 ,2 .6  and 4 .2 .9  
r e s p e c t iv e ly .  The r e s u l t s  o f  th e  f i r s t  t re a tm e n t have a ls o  been 
in c lu d e d  (F ig ,  4 .2 .3 ) .  The d ou b le  in je c t io n  o f  FG a d m in is te re d  to
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FIGURE 4 .2 .5  PLASMA FRCGESTlRO;£ PROFILE DF COL' 10 FOLLOWING 
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riGURi: 4 .2 .9  FLA3MA PROGESTERONE PROFILE OF COW 11 FOLLOWING 
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cow 10 on day 13 /14  had no e f f e c t  as p ro g e s te ra n e  le v e ls  v/ere a lre a d y  
b a s a l.  G estrous b e h a v io u r was n o t observed u n t i l  day 31, a t  w h ich  
p o in t  p ro g e s te ro n e  le v e ls  were h ig h  and in c re a s in g .  The doub le  dose 
o f  FG g iv e n  to  cow 11 caused a marked re d u c t io n  in  p ro g e s te ro n e  le v e ls .  
T h is  was n o t r e f le c te d  in  th e  o ccu rre n ce  o f  o e s trn u s  b e h a v io u r u n t i l  day 
3 8. D u rin g  th e  second tre a tm e n t p e r io d ,  PrlSG was a d m in is te re d  to  
b o th  cows a t  day 11 fo l lo w in g  t h i s  o e s tru s , fo l lo w e d  by FG 2 days la t e r .  
The a d m in is t r a t io n  o f  FG caused a marked re d u c t io n  in  p ro g e s te ro n e  
le v e ls  in  b o th  cows. L e ve ls  th e n  rem ained low  th ro u g h  o e s tru s .  
P ro g e s te ro n e  s ta r te d  to  in c re a s e  a t  day 4 in  cow 10 and a t  day 2 
in  cow 11. A lth o u g h  -o va ria n  s t r u c tu r e s  in  b o th  cov/s d i f f e r e d  m a rk e c ly , 
p ro g e s te ro n e  le v e ls  a t  day 5 were s im i la r .
The b re ed s , w e ig h ts  and body sco re s  o f  th e  11 a n im a ls  used 
i n  th e  s tu d y  a re  shown in  T a b le  4 .2 ,5 .
C r i t e r i a  used to  e s tim a te  th e  e f f ic ie n c y  o f  th e  f lu s h in g  
te c h n iq u e  a re  re co rd e d  in  T ab le  4 .2 .6 .  In  a l l  cases th e  t i p  o f  th e  
c a th e te r  v/as p la c e d  v / ir h in  5 .5  cm o f  th e  u te ro tu b a l ju n c t io n .  The 
p resence  o f  d e b r is  in  th e  f lu s h in g  f l u i o  may be a s s o c ia te d  w ith  a f a i l u r e  
t o  re c o v e r  e n tjryos  in  5 cows 13, 4 , 6 , 7 , 8 ] .  S u b s ta n t ia l lo s s  o f  f l u i d  
[ le s s  th a n  85% re c o v e re d ) has o c c u rre d  in  3 cows [4 , 7 , 1 1 ),
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TABLE 4 .2 ,5  BREED, STATUS, WEIGHT AÎ'jO EDDY SCORE OF 11 ANIMALS 
SUBJECTED TO SUPEROVULATION TREATMENT
Cow dreeo
F r ie s ia n
F r ie s ia n
S ta tu s
A y rs h ire  Cow
Cow









S h o rth o rn Cow 351 21
10
11
F r ie s ia n
A y rs h ire
A y rs h ire
A y rs h ire
A y rs h ire
A y rs h ire


















Note -- Body s c o r in g  scheme was th a t  o u t l in e d  by bowman
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4 . 2 . 4  -  DISCUSSION
A lth o u g h  in  v iv o  te s ts  e x is t  to  n n n i t o r  o v id u c t  p a te ncy  
assessm ent o f  o v id u c t  fu n c t io n  n e c e s s ita te s  in fo rm a t io n  on i t s  
a b i l i t y  to  a llo w  ovum f e r t i l i s a t i o n  and to  t r a n s p o r t  th e  errbryo to  
th e  u te r u s . In fo rm a t io n  on t h i s  l a t t e r  a spe c t c o u ld  be o b ta in e d  by 
th e  c o l le c t io n  and e xa m in a tio n  o f e a r ly  errbiyos  fro m  th e  u te ru s .  
R ecovery te c h n iq u e s  have been documented as a means o f  p ro v id in g  
embry/os f o r  subsequent t r a n s f e r  in to  dono r a n im a ls . Embryo 
t r a n s f e r  has been employed to  in c re a s e  th e  number o f  p rogeny fro m  
g e n e t ic a l ly  s u p e r io r  fe m a le s ; t o  in c re a s e  th e  r a te  o f  tw in n in g  in  
b e e f c a t t l e ;  as a means o f  r a p id ly  a l t e r in g  breed c o m p o s it io n  on 
fa rm s  and as a ire th od  o f  o b ta in in g  calves fro m  c e r ta in  i n f e r t i l e  
cows (Gorxion, 1975; Ncwcorrti, Rows on and T rounson , 1976; B e t te r ir ig e ,  
1 9 8 0 ). Embry/o t r a n s f e r  te c h n iq u e s  re q u ire  a good s u p e ro v u la to ry
response  fro m  th e  t re a te d  cows in  o rd e r  to  p roduce  th e  maximum 
nurrt>ar o f  v ia b le  e n t ry  o s . In  c o n t ra s t  to  th e  m axim al response 
re q u ir e d  in  th e s e  p rog ra rn res , th e  t e s t in g  o f  o v id u c t  fu n c t io n  
re q u ir e s  a no re  l im i t e d  response. Both te c h n iq u e s , how ever, 
n e c e s s ita te  a reg im e th a t  ensures th a t  a p r e d ic ta b le  number o f  
o v u la t io n s  ta k e s  p la c e  fi~om th e  o v a r ie s .
U sing  e rbry/o  re c o v e ry  as th e  c r i t e r io n  f o r  o v id u c t  p a te n cy , 
i n  t h i s  c u r re n t  s tu d y , o n ly  ID o f  22 o v id u c ts  were n o r r -a l. A t 
s la u g h te r  21 o f  th e s e  22 o v id u c ts  were p a te n t to  dye o r  p o l le n  
[T a b le  4 . 2 . 7 ) ,  These a p p a re n t ly  in c o m p a tib le  r e s u l t s  may be due 
t o  two fa c to r c .  F i i ' s t l y ,  some an im a ls  may have f a i l e d  to  respond 
t o  th e  s u p e ro v u la to ry  d rug  v / ith  no embry/os h a v in g  been shed fro m  th e  
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fa c to r s  may have p re v e n te d  e n try o s  b e in g  re c o v e re d  fro m  th e  u te ru s .
D u rin g  th e  n o rrro l c y c le  o f  th e  cov/, o v u la t io n  is  a s s o c ia te d  
w i th  fo rm a tio n  o f  a co rpus  lu teum  (C L ). F o rm a tio n  o f  an a d d i t io n a l  
CL may be ta ke n  as in d ic a t iv e  o f  a response to  a s u p e ro v u la to ry  
regin>3. U s ing  t h i s  c r i t e r i o n ,  4 o u t o f  17 FMSG in je c t io n s  f a i le d  
t o  p roduce  a resp on se . Amongst a n im a ls  t h a t  d id  respond marked 
v a r ia t io n  was fo u n d  in  th e  number o f  CL, In  a d d i t io n ,  th e re  appeared 
no c o n s is te n t  r e la t io n s h ip  between th e  a ra u n ts  o f  FMCG in je c te d  ana 
th e  s u p e ro v u la to ry  response . T h is  is  in  c o n t ra s t  to  th e  f in d in g s  
o f  w o rke rs  u s in g  la r g e r  g rcups o f  a n im a ls , who have re co rd e d  a l in e a r  
d o se /re sp o n se  r e la t io n s h ip  to  PMEG (McGaugh and O ld s , 1971;
M oore, 1975). The b reed , age, s ta g e  o f  la c ta t io n  and n u t r i t i o n a l  
s ta tu s  o f  th e  cow have been suggested  as in f lu e n c in g  th e  response 
t o  PMSG (G ordon, 1975; Saumande, C hupin , F a ir  ana, D r ta v a n t and 
M au leon , 1 97 6 ), To m in im is e  th o se  e f fe c ts  th e  m a jo r i t y  o f  anim als  
used  in  th e  s tu d y  were r io n - la c to t in g  A y rs h ire  cows. However, b o th  
t h e i r  ages and body c o n d it io n  were d i f f e r e n t  and t h e i r  p re v io u s  
re p ro d u c t iv e  h is t o r y  were unkncv/n. No a p p a re n t r e la t io n s h ip  
was obsera/ed between th e  age o f  th e  cows end t h e i r  response  to  PFGG 
(T a b le  4 .2 .7 ) .  The n u t r i t i o n a l  s ta tu s  o f  th e  a n im a ls  v/as assessed 
by  t h e i r  body c o n d it io n  (T a b le  4 .2 .5 ) .  h'o cow was in  p o o r 
c o n d i t io n .  In  a d d i t io n ,  e f f o r t s  were made to  ensu re  th e y  re c e iv e d  
an adequate  d ie t  th ro u g h o u t th e  p e r io d  o f  s tu d y ,  A lth o u g h  a 
se a s o n a l e f f e c t  o f  response  to  FMSG has been su gg e s te d , t h i s  was n o t 
a p p a re n t in  t h i s  s tu d y  where a n im a ls  were in je c te d  a t  v a r io u s  tim es  
o f  th e  y e a r  (G ordon, 1975; Saumande e t  a l ,  1 976 ). C o n tro v e rs y
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e x is ts  on th e  e f f e c t  o f  d i f f e r e n t  ba tches o f  PMSG on th e  o v a r ia n  
response  (G ordon, 19753. T h is  c o u ld  n o t have c o n t r ib u te d  to  th e  
r e s u l t s  o b ta in e d  in  th e  p re s e n t s tu d y  as th e  same b a tch  o f  PMSG was 
used th ro u g h o u t.
B es ides th e se  fa c to r s ,  th e  o v a r ia n  s t r u c tu r e s  p re s e n t a t  
th e  tim e  o f  PMSG in je c t io n s  and th e  in t e r \ / a l  between tre a tm e n t and 
th e  o n se t o f  o e s tru s  appears to  a f f e c t  th e  o v a r ia n  response (S can lon  
e t  a l ,  1968; Saumande e t  a l ,  1970 ). P re v io u s  s tu d ie s  have e s tab lis h ed  
t h a t  PMSG g iv e n  a t  day 9 -1 2 , fo l lo w e d  by p ro s ta g la n d in  (PG) 2 days 
l a t e r  to  te rm in a te  th e  c y c le ,  g iv e s  a more c o n s is te n t  response  the n  
when th e  drug i s  a d m in is te re d  e i t h e r  e a r l i e r  o r  l a t e r  in  th e  c y c le  
( Sreenan and G o s lin g , 1377). The v a r ia b le  responses no ted  in  th e  
co'ws in  t h i s  s tu d y  a l l  fo l lo w e d  PMSG in je c t io n  a t  t h i s  recommended 
t im e .  Such a reg im e a p p lie d  to  an a n im a l w ith  a norm a l o s s tro u s  
c y c le  le n g th  means t h a t  th e  cow i s  in je c te d  w ith  PMSG when a m ature  
CL, capab le  o f  re sp o n d in g  to  th e  subsequent PG tre a tm e n t,  i s  p re s e n t.
T h is  ensures t h a t  o e s tru s  w i l l  fo l lo \ \ f  a t  th e  optim um  4 -5  days a f t e r  
PMEG (S can lon  e t e l ,  1968). Three an im a ls  (1 ; 10, tre a tm e n t 1; 8, 
t re a tm e n t 2) in  th e  c u r re n t  in v e s t ig a t io n ,  a lth o u g h  c o n s io e re d  to  have 
a m ature  CL on t h e i r  o v a r ie s ,  bo th  by r e c t a l  p a lp a t io n  and in t e r v a l  fro m  
o e s tru s ,  d id  n o t have c o n c u r re n t ly  h ig h  c o n c e n tra t io n s  o f  p ro g e s te ro n e  a t  
th e  t im e  o f  PMEG in je c t io n .  U sing  th e  p re v io u s ly  d e f in e d  c r i t e r io n  o f  
a s u p e ro v u la to ry  response , 2 o f  th e se  a n im a ls  d id  n o t respond to  th e  
PMSG (10, 6 ) ,  I t  i s  l i k e l y  t h a t  PMSG was a d m in is te re d  in  2 o f  th e  
a n im a ls  (10 , tre a tm e n t 1; 1) a t o r  s h o r t ly  a f t e r  f u n c t io n a l  
re g re s s io n  o f  th e  CL. A CL may s t i l l  be p a lp a b le  a t  t h i s  t im e , as
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f u n c t io n a l  lu t e o ly s is  p recedes r e c t a l l y  p a lp a b le  re g re s s io n  o f  t h i s  
s t r u c tu r e  (Watson and Mupro, I9 6 0 ) .  T h is  in  tu r n  w ou ld  mean t h a t  
th e s e  cows had a b n o in ra lly  s h o r t  o e s tro u s  c y c le s .  Some s h o r t  c y c le s  
hove been a s s o c ia te d  w ith  u te r in e  in f e c t io n  (h .a fez, 1974 ),
I t  may be re le v a n t  t h a t  1 o f  th e  cows (1 ) p r e v io u s ly  had a v u lv a r  
d is c h a rg e  s e v e ra l months b e fo re  t h i s  s tu d y  corm ^nced, b u t appeared 
c l i n i c a l l y  norm a l a t  th e  t im e  o f  PMSG in je c t io n .  However, s h o r t  
c y c le s  a re  re co rd e d  in  n o n ra l cows (A s d e l l,  de A lba  and R o b e r ts , 1949) 
A t  subsequent s la u g h te r  o f  th e s e  a n im a ls , no e v id e n ce  o f  g ross  
u te r in e  p a th o lo g y  was o bse rve d . The la c k  o f  response  in  th e se  2 
a n im a ls  was n o t a s s o c ia te d  w ith  a p ro lo n g e d  PMSG-oestrus in t e r v a l .
I n  th e  t h i r d  a n im a l (6 , tre a tm e n t 2 ) ,  a lth o u g h  a CL was a ls o  p a lp a b le  
a t  th e  t im e  o f  PMSG in je c t io n ,  t h i s  was p receded by a p ro lo n g e d  
p e r io d  w ith  no e v id en ce  o f  a f u n c t io n a l  CL h a v in g  been p re s e n t.
PMSG has p re v io u s ly  been shown to  p roduce in c o n s is te n t  r e s u l t s  in  
i n i t i a t i n g  c y c l in g  in  a n o e s tro u s  an im a ls  (A s d e l l ,  194g). I t  is  
p o s s ib le  t h a t  in  t h i s  a n im a l, th e  a d m in is t r a t io n  o f  PMEG se rved  to  
r e in s t a t e  o v a r ia n  c y c le s ,  and as such sh o u ld  be c o n s id e re d  
in d e p e n d e n tly  fro m  th e  PMSG responses o f  th e  o th e r  c y c l in g  cows.
The use o f  human menopausal g o n a d o tro p h in  (HMG) as an 
a l t e r n a t iv e  s u p e ro v u la to ry  d rug  to  PMSG has been s tu d ie d .  However, 
th e  v a r i a b i l i t y  fo u n d 'w ith  PMSG was a ls o  observed  w ith  t h i s  d ru g .
Sorre advantage  a s s o c ia te d  w ith  i t s  use, and r e f le c t i n g  d i f f e r e n t  ccw 
re s p o n s e s , was t h a t  some a n im a ls  w h ich  had f a i le d  to  respond to  
PMSG were s u c c e s s fu l ly  s u p e ro v u la te d  w ith  HMG (Newcomb, 196D),
P i t u i t a r y  f o l l i c l e  s t im u la t in g  horrrone (FSH) o f  equ ine
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o r ig in  has a ls o  been used w ith  a p p a re n t ly  le s s  v a r ia t io n  in  response 
th a n  t h a t  p re v io u s ly  a t t r ib u t e d  to  PMSG (E ls d e n , N e lson and S e id e l,  
1978; S e id e l,  E lsd en , N elson and Bowen, 1978 ). However, a p r a c t ic a l  
d is a d v a n ta g e  o f  b o th  FSH and HMG is  t h a t ,  u n l ik e  PMSG, th e y  must be 
a d m in is te re d  as m u l t ip le  in je c t io n s  [A v e ry , F ahn ing  and Graham, 1982; 
B e llo w s , Anderson and S h o r t ,  1963; Newcomb, 1980 ). T h is  may 
u l t im a t e ly ,  how ever, p rove  to  be o f  b e n e f i t  compared to  PMSG w h ich  
once in je c te d  ( r e f le c t in g  i t s  h a l f - l i f e )  c o n tin u e s  in  an u n c o n tro l le d  
m anner to  e x e r t  i t s  e f f e c t  (Schams, M enzer. S c h a lle n b e rg e r ,  Hoffman, 
Hahn and l^ahn, 1976),
In  two o f  th e  in s ta n c e s  o f  f a i l u r e  o f response  to  PMSG 
(cow 10, tre a tm e n ts  1 and 2 ) ,  no CL form ed a f t e r  t re a tm e n t and the  
o v a r ie s  were found  to  c o n ta in  m u l t ip le  f o l l i c l e s / c y s t s , T h is  
in d ic a te s  t h a t  a lth o u g h  f o l l i c l e s  were s t im u la te d  to  deve lop  in  
t h i s  an inva l, o v u la t io n  d id  n o t ta k e  p la c e . O th e r w o rke rs  have 
obse rved  t h a t  s t im u la t io n  o f  f o l l i c u l a r  grcwTh in  response  to  PMSG 
a d m in is t r a t io n  may n o t be fo llo w ed  by o v u la t io n  ( F o lle y  and M a lp re ss , 
1944; H afez e t  a l ,  1963; E lsden  e t a l ,  1974). Such s t ru c tu re s  may 
r e f l e c t  a la c k  o f  th e  nonTasl s t im u lu s  f o r  f o l l i c l e s  to  o v u la te ,  o r  
f a i l u r e  o f  th e  re sp on s ive ne ss  o f  the f o l l i c l e s .  LH is  th e  o v u la to ry  
hormone in  th e  cow and is  n o n r e l ly  re le a s e d  as a p re o vu la to ry  su rge  
24 hours p r i o r  to  o v u la t io n  (H ansel and Snook, 1970/ C h e nau lt e t  
a l ,  1975; Scharrs e t  a l ,  1977),
S e v e ra l wo rise rs  have e s tim a te d  LH le v e ls  in  s u p e rc v u la te c  
cows (H e n ric k s  and Lsmond, 1972; H e n ricks  e t  a l ,  1973; H a l l f o r d  
e t  a l ,  1975; Saumande and P e l le t ie r ,  1375; Saumends, 1978; Scheme
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e t  a l ,  1978). Both no e f f e c t ,  and e a r l i e r ,  g re a te r  LH peaks have 
been obse rved . These re p o r ts  on th e  m agn itude  o f  th e  LH peak w ou ld  
e x p la in  th e  la c k  o f  a d d i t io n a l  o v u la to ry  response  fo l lo w in g  LH-RH 
o r  HCG [M oore, 1975; Newcont), 1980). However, th e  p o s s i b i l i t y  o f  
abnorm a l LH re le a s e  canno t be ru le d  o u t in  t h i s  p a r t i c u la r  a n im a l, 
and i t  may be th a t  LH-RH, shown to  be e f f e c t iv e  in  t r e a t in g  c y s t ic  
o v a r ia n  d ise a se  in  c a t t l e ,  may be a p p ro p r ia te  in  such cows w h ich  
c o n s is te n t ly  fo rm  th e se  s t ix jc tu re s  (C a n tle y , G a rv e r ic k ,  B ie rs c h w a l,
M a r t in  and Y o u n g q u is t, 1974).
The a l t e r n a t iv e  mechanism to  e x p la in  th e  p resence  o f  the se  
f o l l i c l e s / c y s t s ,  th a t  ' i s  la c k  o f  re sp o n s ive n e ss , may accoun t f o r  th e  
lu t e in is e d  s t r u c tu r e s  observed  in  cov/ 2 . In  t h i s  l a t t e r  case, s in c e  
CL were a ls o  p re s e n t in  th e  o v a r ie s ,  t h i s  s t r o n g ly  su gg e s ts  t h a t  a 
no rm a l LH su rge  has o c c u rre d . The presence o f  l u t é in is a t io n ,  b u t w ith o u t  
th e  o ccu rre n ce  o f  an o v u la to ry  p a p illu m , suggested  t h a t  th e se  s t r u c tu r e s  
w ere  n o t CL. However, Zem jan is  [1970) s ta te s  t h a t  some CL do n o t have 
an o v u la to ry  p a p il lu m . O th e r w o rke rs  have re co rd e d  CL as s t r u c tu r e s  
w i t h  'd e n te d  heads ’ [F o l le y  and M a lp ra ss , 1944), The s t r u c tu r e s ,  
d e s c r ib e d  as lu te in is e d  s t r u c tu r e s ,  in  cov; 2 had n e i th e r  o v u la to ry  
p a p i l l a  o r  'd e n te d  heads ’ . In  a d d it io n  t h e i r  s iz e  range was d i f f e r e n t  
t o  t h a t  recore ied  in  norm al CL (Z e m ja n is , 1570). However, th e  le v e ls  o f  
p ro g e s te ro n e  p re s e n t in  t h i s  cow canno t be used to  d i f f e r e n t ia t e  th e s e  
s t r u c tu r e s  fro m  CL, s in c e  th e  c o r r e la t io n  betv/een CL nunbers and 
p ro g e s te ro n e  le v e ls  was found  n o t t o  be s ig n i f i c a n t  (F ig .  4 ,2 .1 0 ) .
Based on c ir c u m s ta n t ia l  e v id e n ce , i t  has been s ta te d  th a t  
o v u la t io n  can o c c u r o v e r a p e r io d  o f  6 days in  s u p e ro v u la te d  a n im a ls
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FIGURE 4 .2 .1 0  THE CORRELATION‘BETWEEN PLASMA PROGESTERONE (PROG) LEVELS 
AT DAY 4 , AND THE NUMBER OF CORPORA LUTËA (CL) PRESENT IN 
THE OVARIES.
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(H a fez e t  a l ,  1963). U s ing  f i b r e  o p t ic  la p a ro s c o p y , a sp read  o f  
a p p ro x im a te ly  30 hours has been proposed (Nev/comb, 1976),
I t  i s  p o s s ib le  t h a t  t h i s  spread  o f  o v u la t io n  may c o n t r ib u te  to  th e  
ty p e  o f  s t r u c tu r e s  p re s e n t in  cow 2. /\n LH s u rg e , in  th e  p resence
o f  m ature  f o l l i c l e s ,  ra y  produce  o v u la t io n .  Large  numbers o f  
d e v e lo p in g  f o l l i c l e s ,  w h ich  p roduce s u f f i c i e n t  c e s tro g e n s  to  t r i g g e r  
an LH s u rg e , may f a i l  to  respond to  th e  lu te o t r o p h ic  s t im u lu s  end 
p e r e is t  as m u l t ip le  f o l l i c l e s / c y s t s .  I t  is  p o s s ib le  in  some 
in s ta n c e s  th a t  f o l l i c l e s  in te rm e d ia te  between th e s e  2 groups may 
undergo lu t é in is a t io n  w ith o u t  o v u la t io n .  I t  may be t h a t  a l l  o f  
th e s e  can o c c u r w i t h in  th e  sane a n im a l, w ith  th e  LH su rge  hav ing  been 
t r ig g e r e d  by one o r  more normal m ature  f o l l i c l e s .  In  t h i s  case, any 
f o l l i c l e s  th a t  c o n tin u e  to  d eve lop  a f t e r  th e  LH s u rg e , p o s s ib ly  due 
t o  th e  c o n tin u e d  a c t io n  o f  PMEG, w ould n o t be ca pa b le  o f  p ro d u c in g  a 
f u r t h e r  LH peak. T h is  occu rs  due to  th e  f a c t  th a t  th e  b ov ine  
p i t u i t a r y  re q u ire s  a p e r io d  o f  t im e  to  re s y n th s s is e  s u f f i c i e n t  LH 
(H ansel and Snook, 1970), I t  may be th a t  to  ensure  o v u la t io n  o f  
th e s e  's lo w  d e v e lo p in g ' f o l l i c l e s  an LH s u b s t i t u te  sh ou ld  be a d m in is ­
te r e d  b u t t h a t  t h i s  sh o u ld  be g iv e n  a f t e r  th e  endogenous LH, su rge  has 
o c c u r re d . In  a d d it io n ,  as PMEG c o n ta in s  LH a c t i v i t y ,  t h i s  co u ld  
c o n t r ib u te  to  th e  p resence  o f  th e se  lu te in is e d  s t r u c tu r e s .
In  any te c h n iq u e  o f  o v a r ia n  s t im u la t io n ,  a p r e r e q u is i te  is  
a means to  assess th e  success o f  th e  tre a tm e n t.  T h is  was e s p e c ia l ly  
im p o r ta n t  in  th e  c u r re n t  in v e s t ig a t io n  in  e l im in a t in g  a la c k  o f  
o v a r ia n  response  as a reason f o r  f a i l u r e  to  re c o v e r  eggs. A commonly 
em ployed te c h n iq u e  is  th e  d e te c t io n  o f  CL in  th e  o v a r ie s  e i t h e r  bv .
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r e c t a l  p a lp a t io n  o r  by rrsasuro rrsn t o f  p ro g e s te ro n e  in  b lo o d  o r  m ilk  
(Dobson, n id m e r and F i t z p a t r i c k ,  1975).
In  th e  c u r re n t  s tu d y , a lth o u g h  r e c t a l  p a lp a t io n  o f  CL p ro v id e d  
adequa te  in fo rm a t io n  on w h e th e r an in d iv id u a l  o v a ry  had responded, 
th e r e  were q u a n t i ta t iv e  d if fe re n c e s  between th e  nurrtiers o f  CL p a lp a te d  
and th e  numbers observed a t  s la u g h te r ,  The d if fe r e n c e s  g e n e ra lly  
com prised  an u n d e re s tim a tio n  o f  th e  numbers o f  CL. Dawson (1975) 
re p o r te d  e r r o r s  in  th e  i d e n t i f i c a t io n  o f  in d iv id u a l  CL in  even th e  
s in g le - o v u la t in g  a n im a l. O th e r w o rke rs  have commented on th e  
d i f f i c u l t y  in  h a n d lin g  la rg e  o v a r ie s  p e r  re c tum  (Rowe e t  a l ,  1976). 
These e r ro re  a re , th e re fo re , l i k e l y  to  be compounded in  th e  s u p e r- 
o v u la to d  a n im a l.
A lth o u g h  some w o rke rs  re p o r t  th a t  i t  is  p o s s ib le  to  id e n t i f y  
th e  co rpus  haem orrhagicum , most w o rke rs  c o n s id e r  t h a t  th e  CL is  j u s t  
p a lp a b le  a t  day 4 -5  (Hancock, 1962). In  t h i s  s tu d y , th e  d i f f i c u l t i e s  
in  id e n t i f y in g  s t r u c tu r e s ,  and th e  u n d e re s tim a tio n  compared to  l a t e r  
s la u g h te r  f in d in g s ,  may have been compounded by th e  f a c t  t h a t  assessmer 
was be ing.m ade a t  a r e la t i v e l y  e a r ly  s ta g e . S hou ld  e a r ly  embryo 
re c o v e ry  be employed as a t e s t  o f  o v id u c t  fu n c t io n ,  th e  use c f  r e c t a l  
p a lp a t io n  to  assess o v a r ia n  response may be a s s o c ia te d  w ith  p o te n t ia l  
e r r o r .
P ro ge s té ron e  le v e ls  have been shewn to  be m a rke d ly  in c re a s e d  
in  th e  s u p o ro v u la te d  cow compared to  u n tre a te d  c o n t r o ls  (Booth e t  a l ,  
1975; Sreenan and G o s lin g , 1977). In  g e n e ra l,  in  th e  c u r re n t  s tu d y , 
such a p a t te rn  o f  in c re a s e  was observed . However, a lth o u g h  g e n e ra l ly  
la r g e  numbers o f  CL were a s s o c ia te d  w ith  in c re a s e d  p ro g e s te ro n e  le v e ls  
(F ig .4 „2 .1 D ) c o n s id e ra b le  o v e r la p  o ccu rre d  a t a range  o f  o v a r ia n
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responses a l l  co n s id e re d  a p p ro p r ia te  to  t e s t in g  o v id u c t  fu n c t io n .
I n  a d d i t io n ,  i t  i s  n o t n o s s ib le ,  u s in g  plasma p ro g e s te ro n e  assay, to  
d e te rm in e  w h e th e r an a p p ro p r ia te  response has ta ke n  p la c e  in  b o th
o v a r ie s .  A f u r t h e r  d isa d va n ta g e  o f  t h i s  te c h n iq u e  compared to
r e c t a l  p a lp a t io n  is  th a t  due to  th e  d e la y  in  p ro c e s s in g  sam ples, 
r e s u l t s  w i l l  be r e t r o s p e c t iv e .  In  t h i s  s tu d y , o v e r a l l  progesterone  
le v e ls  a t  day 4 o r  5 c o u ld  n o t be used to  in d ic a te  a c c u ra te ly  CL 
num bers. A ltho u gh  o th e r  w o rke rs  have shown a s ig n i f i c a n t  c o r r e la t io n  
u s in g  la r g e r  numbers o f  a n im a ls , t h i s  has l i t t l e  p r a c t i c a l  b e n e f i t  
when d e a lin g  w ith  in d iv id u a l  cows (Creenan e t  a l ,  1978),
h ig h e r  le v e ls  o f  o e s tro g e n s  have been re p o r te d  in  s u p o r- 
o v u la te d  cows compared to  norm al cows [G le n c ro ss  e t  a l ,  1973;
H e n r ic k s  e t e l ,  1973; Booth e t  a l ,  1975; Sreenan e t  a l ,  1978), In  
t h i s  s tu d y , a lth o u g h  o n ly  a s m a ll number o f  a n im a ls  were sam pled, 
peek o e s tro g e n  le v e ls  showed a r e la t io n s h ip  to  t o t a l  numbers o f  CL 
( F ig .  4 .2 .1 1 ) .  O th e r w o rke re  have found  a r e la t io n s h ip  between peak 
o e s tro g e n  le v e ls  and th e  numbers o f  CL s u b s e q u e n tly  found  in  th e
o v a r ie s  (Saumande and P e l le t ie r ,  1975; H a l l f o r d  e t  a l ,  1975), I t
may be t h a t  in  in d iv id u a l  a n im a ls , as seen fro m  th e  l im i t e d  r e s u l t s  
i n  th e  c u r re n t  s tu d y , o n ly  a b road  in d ic a t io n  c f  th e  o v a r ia n  response 
can be o b ta in e d , Hov/ever, sh o u ld  subsequent w o rk  e s ta b l is h  a h ig h  
c o r r e la t io n  between numbers o f  CL and plasma o e s tro g e n  p r o f i le s ,  t h i s  
w o u ld  be u s e fu l in  p r e d ic t in g  th e  u lt im a te  o v a r ia n  re sn cn se , and 
th e r e fo r e  the  number o f  embryos th a t  sh o u ld  be re c o v e re d .
D ir e c t  v is u a l is a t io n  o f  th e  o v a r ie s  by f i b r e  o p t ic  la p a r ­
oscopy has been used to  d e te rm in e  o v a r ia n  s t r u c tu r e s ,  w ith  a c c u ra te
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FIGURE 4 .2 .1 1  THE CORRELATION BETWEEN PEAK PLASMA OESTROGEN (E) LEVELS 
AND THE NUMBER OF CORPORA LUTEA CCL) PRESENT IN  THE 
OVARIES.
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r e s u l t s  in  n o rrra l and s u p e ro v u le te d  cows CW ishart and S no w b a ll, 1S73; 
Saumande e t  a l ,  1978). Hov/ever, la p a ro sco p y  has a ls o  been shown to  
re d u ce  th e  in t e r v a l  from  PMSG a d m in is t r a t io n  to  o e s tru s ,  and as such 
may reduce  the number o f f o l l i c l e s  w h ich  a re  m a tu re  enough to  o v u la te  
[Saumande e t  a l ,  1975 ).
In  any v.-ork o f  t h i s  n a tu re , i t  w ou ld  be most u s e fu l i f  th e  
response  o f  an in d iv id u a l  ccw to  PMSG v;as p r e d ic ta b le .  The high  
le v e l  o f  r e p e a t a b i l i t y  found  in  th e  s m a ll number o f  a n im a ls  in  t h i s  
in v e s t ig a t io n  sugges ts  th e  f e a s i b i l i t y  o f such te c h n iq u e s . O th e r 
w o rk e rs  have re p o r te d  s im i la r  co n s is ten t r e s u l t s  w ith  the  same dose, 
w here the  in t e r v a l  between treatm ents  has been s h o r t  [S ca n lo n , 1972, 
C o u lth a rd , 1978). E x te n s io n  o f th i is  in t e r v a l  le a d s  to  in c re a s e d  
v a r i a b i l i t y .  An o bv iou s  e x te n s io n  o f  such te c h n iq u e s  to  in c re a s e  
th e  response  to  s u p e ro v u la t io n  is  to  assess th e  response  to  an i n i t i a l  
lo w  dose o f  PMSG p r i o r  to  th e  s u p e ro v u la to ry  t r e a t r 'e n t .  Where la r g e r  
numbers o f  a n im a ls  have been t re a te d  w ith  in d iv id u a l  amounts o f  F t53, 
a l in e a r  response  between th e  p ro d u c t io n  o f  ova and cose has been 
re p o r te d  (McGaugh and O lds , 1971), W ith in  th e  in d iv id u a l  ccw (11 ) 
t r e a te d  in  t h i s  s tu d y , such an in c re a s e d  re sp o n s iv e n e s s  to  a la r g e r  
dose was a ls o  a o p a re n t. I t  has been suggested  t h a t  re p ea ted  
a d m in is t r a t io n  o f  PMSG causes a re d u c t io n  in  response  due to  a n tib o d y
p roduction  ( M i l l e r ,  La rsen ,N anca rrow  and Cox (1 9 7 5 ) .T h is  w ou ld  l i m i t  th< 
a p p l ic a t io n  o f te c h n iq u e s  to  p r e d ic t  o v a r ia n  re sp on se . However, 
a n t ib o d y  p ro d u c t io n  to  PnGG has been shown n o t to  o c c u r in  th e  cow 
(Schams e t a l ,  1978).
In  s e v e ra l o f  th e  a n im a ls  in je c te d  w ith  PMSG, b e h a v io u ra l
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o e s tru s  o c c u rre d  unde r h ig h  le v e ls  o f  p ro g e s te ro n e . I t  i s  w e l l  
e s ta b lis h e d  t h a t  o e s tru s  can o c c u r bo th  in  p re g n a n t an im a ls  and in  
some c y c l in g  cows where p ro g e s te ro n e  is  t r a n s ie n t ly  in c re a s e d  a t  
t h i s  t im e  (W illia m s o n  e t  a l ,  1972). The reasons f o r  t h i s  a pp a re n t 
absence o f  a p ro g e s te ro n e  b lo c k  to  o e s tro u s  b e h a v io u r a re  n o t known.
A ccu ra te  c o n t r o l  o f  s u p e ro v u la t io n  re q u ire s  th e  a b i l i t y  
t o  te rm in a te  th e  lu t e a l  phase o f  th e  c y c le  in  a p re d ic ta b le  fa sh io n ,.
T h is  is  n o rm a lly  c a r r ie d  o u t u s in g  n a tu ra l o r  s y n th e t ic  FG. In  
th e  norm al c y c l in g  cow, PG a d m in is t r a t io n  to  a cov/ w ith  a m ature  CL 
le a d s  to  b e h a v io u ra l o e s tru s  in  2 -3  days. In  th e  s u p e re v u la te d  
a n im a ls  in  t h i s  s tu d y ,  in  most cases th e  in je c t io n  o f  PG a f t e r  th e  
f i r s t  PMSG tre a tm e n t p e r io d  was n o t fo l lo w e d  by b e h a v io u ra l o estru s . 
However, in  th e se  a n im a ls , progesterone le v e ls  markedly decreased 
in d ic a t in g  t h a t  lu t e o ly s is  had o c c u rre d . F o llo w in g  a s u g g e s tio n  
fro m  th e  m a n u fa c tu re rs , th e  dose o f  PG a d m in is te re d  a t  t h i s  t im e  was 
g r e a t ly  in  excess o f  t h a t  w h ich  is  re q u ire d  i-n th e  n o n ra l cow.
A p p a re n t la c k  o f  o e s tro u s  b e h a v io u r a f t e r  PG tre a tm e n t in  su p e r­
o v u la te d  cows has been noted  by o th e r  w o rke rs  (C o u lth a rd , 1951).
Such an o ccu rre n ce  may be due to  la c k  o f  o b s e rv a t io n  o f  b e h a v io u ra l 
o e s tru s .  T h is  w ou ld  seen u n l ik e ly  in  th e  c u r re n t  s tu d y  as o th e r  
h e a t p e r io d s  in  th e se  seme cows w e re , in  g e n e ra l,d e te c te d .  A l t e r n a t iv e ly  
la c k  o f  o b s e rv a t io n  o f  o e s tru s  co u ld  have a r is e n  due to  th e  o ccu rre n ce  
o f  s i l e n t  o e s tru s .  No e x p la n a tio n  can be o f fe re d  as to  why th e se  
p a r t i c u la r  o v u la to ry  p e r io d s  sh o u ld  have been a s s o c ia te d  w ith  la c k  
o f  norm al b e h a v io u ra l s ig n s  o f i t .
In  cows th a t  responded to  PHSG, as m entioned  p re v io u s ly
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f a i l u r e  t o  re c o v e r  eggs may be due to  s e v e ra l f a c to r s .  The 
te c h n iq u e  o f  n o n -s u rg ic a l embry/o recovery in  th e  cow re q u ire s  
m a n ip u la t iv e  d e x te r i t y  end e x p e r ie n c e , I n i t i a l  d i f f i c u l t i e s  were 
e n co u n te re d  in  th e  c o r r e c t  p o s i t io n in g  o f  th e  c a th e te r  in  th e  u te r in e  
h o rn  and t h i s  may have c o n t r ib u te d  to  a re d u c t io n  in  th e  e n try o  
re c o v e ry  ra te  5n some o f  th e  a n im a ls . T a b le  4 ,2 .6  sum m arises th e  
e f f i c ie n c y  o f  th e  f lu s h in g  te c h n iq u e  u s in g  th e  c r i t e r i a  o f p lacem ent 
o f  th e  c a th e te r ,  c l a r i t y  o f  th e  re co ve red  f l u i d  and amount o f  f l u i d  
re c o v e re d . The p lacem ent o f  th e  c a th e te r  has been shown to  
a f f e c t  s ig n i f i c a n t l y  th e  en irryo  re c o v e ry  r a te  (Newcomb e t  a l ,  1978).
I n  t h i s  s tu d y , re c o v e ry  was c a r r ie d  out a t day 4 in  some a n im a ls , 
when th e  embryos a re  h ig h  in  th e  u te r in e  h o rn , and th u s  th e  c o r re c t  
p o s i t io n in g  o f  th e  c a th e te r  nay be even more im p o r ta n t .  Due to  
in te r fe r e n c e  w ith  i d e n t i f i c a t io n  o f  eggs, d e b r is  p re s e n t in  th e  
f l u i d  may have c o n t r ib u te d  to  a lo v /e r re c o v e ry  r a te  in  5 an im a ls  (3 , 4, 
6, 7, 8 ) .  Less o f  re c o v e ry  f l u i d  o c c u rre d  in  3 cows ( 4 ,  7. 11) anc 
in  th e se  a n im a ls  may be a s s o c ia te d  w ith  a f a i l u r e  to  re c o v e r  the  
e xpe c ted  number o f  embryos.
A n o th e r reason f o r  low  re c o v e ry  ra te s  may be th e  e a r ly  
t im in g  o f  f lu s h in g .  A lth o u g h  in  general th e  cow errb iyo  e n te rs  th e  
u te ru s  between days 3 and 4, t h i s  may be a lte r e d  in  the  s u p e re v u la te d  
a n im a l (H a m ilto n  and L a in g , 1946), A d m in is t ra t io n  c f  o e s tro g e n s  has 
been shown to  e f f e c t  ovum t ra n s p o r t  in  o th e r  s p e c ie s . L o th  a c c e le r ­
a t io n  o f  th e  t im e  o f  e n t r y  o f  th e  embryo in t o  th e  u te ru s  end a ' t u b a l  
lo c k in g ' le a d in g  to  a d e la y  in  e n try  in t o  th e  u te ru s  have been 
d e s c r ib e d  (B u rd ic k  and P in c u s , 1335; G reenwald, 1961 ), The in c rc c s s o
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le v e ls  o f o e s tro g e n s  in  the  s u p e ro v u la te d  cow may, i f  erhbry/o tra n s p o rt  
is  d e la y e d , a f f e c t  th e  embryo re c o v e iy  r a te .
One o th e r  f a c t o r  w h ich  may be re le v a n t  to  th e  t im in g  is  
th e  h a n d lin g  o f  th e  t r a c t  a t  such an e a r ly  s ta g e  o f  th e  c y c le .  I t  
has been suggested  t h a t  r e c t a l  p a lp a t io n  o f  th e  cow g e n i t a l  t r a c t ,  s h o r t ly
a f t e r  o e s tru s ,  may le a d  to  c o n t ra c t io n s ,  w h ich  c o u ld  cause ra p id
t r a n s p o r t  o f  eggs th ro u g h  th e  u te ru s  (bE^wcomb, 1980 ). In  th e  c u rre n t  
s tu d y ,  i t  may be t h a t  embryos n o t re co ve re d  a t day A w ere s t i l l  p re s e n t 
i n  th e  o v id u c t ,  and th a t  th e  m a n ip u la t io n s  used caused t h e i r  ra p id  
t r a n s p o r t  t i iro u g h  th e  u te ru s .  Repeated f lu s h in g  a t  day 5 w ou ld  th e n  
f a i l  to  re c o v e r  th e se  em bryos, T h is  rem ains a p o s s i b i l i t y  in  soms c "
th e  cows, a lth o u g h  th e  f in d in g  o f  2 eggs a t  day 5 in  cov/ 11 sugges ts
t h a t  t h i s  d id  n o t o c c u r  a t  le a s t  in  t h i s  a n im a l.
F in a l ly  some a sp e c ts  o f  th e  anatomy o f th e  o v id u c t  i t s e l f  
may be a f a c t o r  in  th e  low  re c o v e ry  ra te s .  The larg-e s iz e  o f  o v a r ie s  
c o n ta in in g  many CL may cause d i f f i c u l t i e s  in  th e  c a p a b i l i t y  o f  th e  
f im b r ia e  to  p ic k  up a l l  th e  eggs in  some cows. T h is  has a ls o  been 
su gg e s te d  by o th e r  w o rke rs  (H afez e t  a l ,  1963). hov/ever, o th e r  
w o rk e rs  have re p o r te d  h ig h  re c o v e ry  ra te s  in  a n im a ls  w ith  more tha n  
24 o v u la t io n s ,  so i t  appears th a t  th e  f im b r ia e  a re  ca pab le  o f  
h a rv e s t in g  la rg e  numbers o f eggs in  a number o f  cows (S can lon  e t  a l ,
1 96 8 ). The n o r m a l i t y 'o f  th e  o v id u c ts  was assessed a t  s la u g h te r  by 
th e  in je c t io n  c f  dye o r  p o l le n  g ra in s .  However, th e  p o l le n  g ra in  
used is  60 p in  d iam eter w h ich  i s  s t i l l  s m a lle r  th a n  th e  b o v in e  egg. 
T h e re fo re  o v id u c ts  p e r m it t in g  th e  passage o f  p o l le n  g ra in s  may s t i l l  
have s e p ta l adhes ions  o r  n a rro w in g  s u f f i c i e n t  to  p re v e n t passage c f  
' t h e  egg. The p o l le n  g ra in  su spens ion  t e s t  may u n d e re s tim a te  the
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nunber c f  o v id u c ts  w ith  abnonna l p a te n cy .
Son>3 p o in ts  re g a rd in g  th e  errbryos re co ve re d  a re  o f  in t e r e s t .  
The f e r t i l i s e d  eggs re co ve re d  a t  day 4 fro m  cows B, 7 and 9 ranged fro m  
th e  4 - c e l l  t o  t t ie  1 6 - c e l l  s ta g e . T h is  may be due e i t h e r  to  o v u la t io n  
o c c u r r in g  o v e r  a lo n g  p e r io d  o f  t im e , o r  a c c e le ra t io n  o f  egg t r a n s p o r t  
i n t o  th e  u te ru s ,  o r  a co m b in a tio n  o f  b o th . A c c e le ra t io n  o f  egg 
t r a n s p o r t  may be a s s o c ia te d  w ith  th e  h ig h  o e s tro g e n  le v e ls  and t h e i r  
s lo w  d e c lin e  a f t e r  o e s tru s ,  p re s e n t in  th e  s u p e ro v u la te d  a n im a l. 
R e c e n tly  v /o rke rs  have shown th a t  th e  a d m in is t r a t io n  o f  p ro g e s te ro n e  
causes a more ra p id  descen t o f  th e  embryo in t o  th e  u te ru s  (C rism an, 
McDonald and Thompson, 196D}. I t  has been suggested  t h a t  p rem a tu re  
e n t r y  in to  th e  s u p e re v u la te d  u te ru s  has a d e le te r io u s  e f f e c t  on eggs 
( k-ewcomb, Rowson and T rounson, 1976). The a p p a re n t s t r u c t u r a l  
n o r m a lity  o f  a l l  th e  day 4 f e r t i l i s e d  eggs, as assessed by l i g h t  
m ic ro s c o p y , may he a t t r ib u t e d  to  t.he s h o r t  t im e  s p e n t in  th e  u te r in e  
e n v iro n m e n t. T h is  tends  to  suggest t h a t  th e  in c re a s e d  le v e ls  o f  
c i r c u la t in g  gonada l s te r o id s ,  w h ich  may a f f e c t  th e  o v id u c t  e n v iro n m e n t, 
a p p e a r to  have no d e le te r io u s  e f f e c t  on th e  eggs, p r i e r  to  e n try  in t o  
th e  u te ru s .  b'ovrover, th e  te c h n iq u e  o f l i g h t  m ic ro sco p y  o n ly  p ro v ic a s  
l im i t e d  d a ta  on th e  d e ta i le d  s t r u c tu r e  o f  th e  e n b iy o . I t  may be 
t h a t  th e  use o f  th e  embryo as an in d ic a t o r  o f  o v id u c t  n o rm a lity  w ou ld  
be b e n e f ite d  by more r e f in e d  techniques f o r  e x a m in a tio n  o f  i t s  
m o rp h o lo g y .
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4 .3 .1  " EXAMINATION OF EGGS BY LIGHT AND SCANNING ELECTRON
MICROSCOPY
The s t r u c t u r a l  deve lopm ent o f  th e  b o v in e  egg has been w e l l  
d e s c r ib e d  (H a m ilto n  and L a in g , 1946). However c o n tro v e rs y  s t i l l  
e x is t s  as to  th e  degree o f  a b n o rm a lity  w h ich  w i l l  cause th e  egg to  
be n o n -v ia b le .  S tu d ie s  wero unde rtaken  to  in v e s t ig a te  a means o f  
d e te rm in in g  f u r t h e r  th e  m o rp h o lo g ic a l c h a r a c te r is t ic s  o f  th e  bov ine  
em bryo.
The eggs c o l le c te d  were examined by th e  e s ta b lis h e d  l i g h t  
m ic roscope  m ethods, id e n t i f y in g  th e  c e l l  s tages  and lo c k in g  f o r  
syrrrne try and compactness o f  th e  b la s to m e re s  (Church and Shea, 1975).
The p o te n t ia l  a p p l ic a t io n  o f  te c h n iq u e s  o f  sca n n in g  e le c tr o n  
m ic ro sco p y  were in v e s t ig a te d  u s in g  a m o d if ic a t io n  o f  th e  method 
d e s c r ib e d  by Reeve and Z iom ek, 1961. In  a d d i t io n ,  exposure  o f  th e  
eggs to  a r e a c t iv e  oxygen p lasm a, p r i o r  to  sca nn in g  e le c tr o n  m ic ro sco p y , 
as  a means o f  exam in ing  th e  in n e r  la y e rs  o f  th e  embryo was u n d e rta ke n .
4 .3 .2  “  MATERIALS AMD METHODS
The eggs and embryos used were th o se  c o l le c te d  fro m  th e  
s u p e ro v u la te d  cows d e s c r ib e d  in  th e  p re v io u s  s e c t io n .  A d d it io n a l 
m a te r ia l  was k in d ly  s u p p lie d  by Mr. H. C o u lth a rd , W codha ll Epa, fro m  
a v a r ie t y  o f  s u p e ro v u la te d  cows.
P re p a ra t io n  o f  eggs f o r  l i g h t  m ic ro sco p y :
The rro q jh o lo g y  o f  th e  eggs re co ve ro d  fro m  th e  cows was 
re c o rd e d . C r i t e r i a  d e te rm in in g  f e r t i l i s a t i o n  end s ta g e  o f  d e v e lo p ­
m ent was as d e s c r ib e d  by H a m ilto n  and L a in g , 1946, and A u s t in ,  1961.
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P re p a ra t io n  o f  eggs f o r  sca nn in g  e le c tro n  m ic ro s c o p y :
R eagents
1 . S to ck  b u f f e r .  0.2M sodium  c a c o d y la te , pH 7 ,2 .
T h is  was p re pa re d  as fo l lo w s :  2 1 .4  g o f  sodium  c a c o d y la te  (BDH)
was d is s o lv e d  in  250 m l d i s t i l l e d  w a te r , to  produce  G.4M sodium  caco­
d y la te .  50 m l o f  t h i s  s o lu t io n  was added to  8 m l 0.2H  h y d r o c h lo r ic  
a c id  and made up to  a volume o f  100 m l, u s in g  d i s t i l l e d  w a te r .  The 
s to c k  b u f f e r  was s to re d  a t  4^C and used w i t h in  one month o f  p re p a ra t io n ,
2 .  W orking  b u f fe r .  O .IM  sodium  c a c o d y la te , pH 7 .2
T h is  viBS p re p a re d  as fo l lo w s ;  25 ml o f  th e  s to c k  b u f f e r  (a d ju s te d
t o  pH 7 ,2 ,  u s in g  IM h y d r o c h lo r ic  a c id  i f  n e ce ssa ry ) was made up to  a
vo lum e o f  50 m l, u s in g  d i s t i l l e d  w a te r . The w o rk in g  b u f f e r  was
s to re d  a t  4°C and k e p t f o r  a maximum o f  one nx in th .
3 . F ix a t iv e .  4% g lu ta ra ld e h y d e  in  w o rk in g  b u f f e r .
T h is  was p re p a re d  as fo l lo w s :  15 ml o f  25% g lu ta ra ld e h y d e  (A gar
A id s )  was made up to  100 m l, u s in g  O.IM sodium  c a c o d y la te  b u f fe r .
4 .  P o ly ~ l“ ly s in e  s o lu t io n .
A 0.1% s o lu t io n  o f  p o ly - 1 - ly s in e  (Type 1 -5  hyd rob rom ide  P1386,
S igm a) was p re p a re d  in  d i s t i l l e d  w a te r . The s o lu t io n  was used
im m e d ia te ly  and any excess re m a in in g  was d is c a rd e d .
5 . A cetone.
T h is  was d i lu t e d ' t o  th e  re q u ire d  c o n c e n tra t io n ,  u s in g  d i s t i l l e d  
w a te r .
Equipment
2 m l a u to a n a ly s e r  cups (B a rs te d t)
6 rrm d ia m e te r  round  g la s s  c o v e r s l ip s  (M a c fa rla n e  Robson)
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G lass egg c o l le c t in g  d is h e s  (Camlab)
C r i t i c a l  p o in t  d ry e r  C Polaron, W a tfo rd )
A lum in ium  s tu b s  [A g a r A id s )
S p u t te r  c o a te r  CEmscope)
S cann ing e le c t r o n  m ic roscope  ( P h i l ip s  SEM 500)
Plasma c h e m is try  u n i t  (P las ira  p re p . 100, N a n o te ch ).
F i x a t i on
The embry/Qs were t r a n s fe r r e d  fro m  th e  f lu s h in g  medium 
t o  th e  f i x a t i v e  and l e f t  f o r  1-2  h o u rs . They w ere  th e n  s to re d  in  
th e  w o rk in g  b u f f e r  in  2 m l a u to a n a ly s e r  cups u n t i l  p ro c e s s in g  f o r  
th e  sca nn in g  e le c tr o h  m ic roscope  was c a r r ie d  o u t.
A tta ch m e n t o f  eggs to  c o v e r  s i lo s
Round g la s s  c o v e r s l i p s  were sco re d  on one s id e  w ith  a 
diam ond p e n c i l ,  washed in  e th a n o l and d r ie d  in  an oven a t  37°C, A 
d ro p  o f  f r e s h ly  p re p a re d  p o l y - l - l y s in e  s o lu t io n  was p la ce d  on to  th e  
s c o re d  s u r fa c e  o f  each c o v e r s l i p ,  u s in g  a P a s te u r p ip e t t e .  The 
c o v e r  s l ip s  were l e f t  f o r  15 m in u te s  a t  room te m p e ra tu re . The excess 
p o l y - l - l y s in e  was th e n  removed w ith o u t  a l lo w in g  th e  c o v e r s l i p  to  
d r y  o u t .  The c o v e r s l i p  was th e n  washed 3 -4  t im e s  w ith  w o rk in g  b u f fe r .  
A d rop  o f  b u f f e r  was l e f t  on th e  c o v e r s l i p ,  w h ich  was t r a n s fe r r e d  
t o  th e  b o tto m  o f  a g la s s  egg c o l le c t in g  cup, v / i th  th e  b u f f e r  coa ted  
s id e  upperm ost. Three o r  f o u r  eggs were t r a n s fe r r e d  to  each c o v e r 
s l i p ,  u s in g  a p ip e t te  w h ich  had p re v io u s ly  been p u l le d  o v e r a fla m e  
t o  a d ia m e te r  o f  a p p ro x im a te ly  200 m ic ro n s . Care was ta ke n  to  
p ip e t t e  as l i t t l e  f l u i d  as p o s s ib le  w ith  th e  eggs. Adhesion o f  eggs 
was oneeked by g e n t ly  l i f t i n g  and s h a k in g  th e  egg c o l le c t in g  cup.
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G e n e ra lly  th e  eggs s tu c k  iirm s d ia te ly  to  th e  c o v e r s l i p .  The
c o l le c t in g  cup was th e n  f lo o d e d  w ith  w o rk in g  b u f f e r .
D e h y d ra tio n  and e xa m in a tio n
The b u f f e r  was removed a lm o s t c o m p le te ly  fro m  th e  c o l le c t in g  
c u p s . D e h y d ra tio n  was pe i-fom ied  in  graded c o n c e n tra t io n s  o f  ace tone  
(30 -50-70 -90% ) f o r  5 -10  m in u te s  each, fo l lo w e d  by th re e  changes w ith  
100% ace tone  f o r  10 m in u te s  each. The c o v e r s l ip s  cove red  w ith  100% 
a c e to n e  were t r a n s fe r r e d  to  th e  c r i t i c a l  p o in t  d r y e r  and th e  carbon 
d io x id e  c r i t i c a l  p o in t  was q u ic k ly  o b ta in e d . The eggs re^mained in  
th e  d r y e r  f o r  a p p ro x im a te ly  one h o u r. In  cases where th e  zona 
p e l lu c id a  was to  be exam ined, th e  c r i t i c a l  p o in t  d r ie d  eggs, on th e  
c o v e r  s l i p s ,  were s tu c k  on to  a lu m in iu m  s tu b s , by means of a c o n d u c to r  
s i l v e r  p a in t .  They v æ r e  coa ted  w ith  a t h in  la y e r  o f  g o ld  in  a 
s p u t t e r  c o a te r  and examined unde r th e  scann ing  e le c t r o n  m ic roscope  
a t  an a c c e le ra t io n  v o lta g e  o f  15 kV,
Assessment o f  m orpho logy was c a r r ie d  o u t by v ie w in g  th e  
eggs on a t e le v is io n  m o n ito r .  In  a d d i t io n ,  to  record d e ta i le d  
o b s e rv a t io n s ,  p ho tog raphs  were take n  a t  m a g n if ic a t io n s  v a ry in g  fro m  
640 to  5 ,0 0 0 .
In  cases where th e  zona p e l lu c id a  was re q u ire d  to  be 
rem oved, th e  c r i t i c a l  p o in t  d r ie d  eggs, on th e  c o v e r s l i p s ,  were 
p la c e d  on a w a tc h g la s s . T h is  was p la c e d  in  a plasm a c h e m is try  
u n i t  a t  1 Ü Ü W , w ith  a gas f lo w  (oxygen) o f  2 0  c c /m in  f o r  3 0  seconds.
The c o v e r s l ip s  were th e n  p la c e d  on s tu b s , g o ld  co a te d  and examined 
u n d e r th e  sca nn in g  e le c tr o n  m ic roscope  as d e s c r ib e d  above.
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4 .3 .3  -  RESULTS
P la te  4 .3 ,1  i l l u s t r a t e s  an u n f e r t i l i s e d  egg (cow 8, day 4 } 
u n d e r th e  l i g h t  m ic ro sco p e . No s ig n  o f  c le a vag e  i s  a p p a re n t. F o r 
co m p a rison , P la te  4 .3 .2  dem onstra tes  th re e  f e r t i l i s e d  eggs (cow 9 , 
day 4} und e r th e  l i g h t  m ic ro sco p e . A 4 - c e l l  and tw o  8 - c e l l  s tag e s  
a re  shown. The b la s to m e re s  a re  compact and s y m m e tr ic a l,  w ith  no 
d e g e n e ra t iv e  changes v is ib le .
A sca n n in g  e le c tr o n  m ic rog ra p h  (SEN), show ing th e  s u r fa c e  
o f  th e  zona p e l lu c id a  o f  an i n f e r t i l e  egg is  shown in  P la te  4 .3 .3 .
A t  t h i s  m a g n if ic a t io n ,  f o ld s  on th e  s u rfa c e  a re  v i s ib le .  However,
a la rg e  amount o f  e x tra n e o u s  m a te r ia l is  a ls o  p re s e n t on th e  s u r fa c e .
The same egg can be seen a t  a h ig h e r  m a g n if ic a t io n  in  P la te  4 .3 ,4 .
I n  t h i s  m ic ro g ra p h  th e  f o ld s  o r  'r u g a e ' p re s e n t on th e  zona p e l lu c id a  
a re  c le a r ly  v i s i b le .
P la te  4 .3 .5  i s  an SEM o f  a b la s to c y s t .  The o v e r a l l  shape 
o f  th e  egg is  m a rke d ly  d is t o r te d .  However, i t  i s  s t i l l  a p p a re n t 
t h a t  th e  embryo is  la r g e r  tha n  th e  u n f e r t i l i s e d  egg shown in  P la te
4 .3 .3 ,  A lso  th e  s u r fa c e  o f  th e  zona p e l lu c id a  appears more 
amorphous in  s t r u c tu r e ,  P la te  4 .3 .6  i l l u s t r a t e s  th e  same b la s to c y s t  
a t  a g re a te r  m a g n if ic a t io n .  In  t h i s  m ic ro g ra p h , th e  zona p e l lu c id a  
sui'^Face i s  n o t a rra n g e d  in  f o ld s ,  as w ith  th e  u n f e r t i l i s e d  egg 
(P la te  4 ,3 ,3 ) ,  b u t has a ro u g h e r, more i r r e g u la r  appearance ,
P la te  4 .3 .7  shows an i n f e r t i l e  egg, u n d e r th e  scann ing  
e le c t r o n  m ic ro sco p e . The egg was s u b je c te d  to  a r e a c t iv e  oxygen 
plasm a f o r  30 seconds. The to p  h a l f  o f  th e  zona p e l lu c id a  s u r fa c e  
i s  a rra n g e d  in  f o ld s ,  s im i la r  t o  th e  u ne tche d  egg shown in  P la ts
4 .3 .3 .  The b o tto m  h a l f  i s  much sm oother in  appearance .
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P la te  4 .3 .1  L ig h t m icrcgraph o f  an i n f e r t i l e  egg recovered
frcrn  Cow 8
ï
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P la te  4 ,3 .2  L ig h t m icrograph o f 4 - c e l l  and two 8 - c e l l  eggs 
recovered from Cow 9
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P la te  4 ,3 .3  GEN I n f e r t i l e  egg. x 640
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P la te  4 . 3 . 4  SEM I n f e r t i l e  egg. x 2 ,500
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P la te  4 .3 .5  GEM B la s to c y s t,  x 640
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P la te  4 .3 .6  SETl B la s to c y s t.  x 1,250
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P la te  4 . 3 . 7  SEM I n f e r t i l e  egg, plasrre etched f o r  3D seconds
X 640
riii
> v fe  ■
V X  ...
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P la te  4 . 3 , 8  SEN I n f e r t i l e  egg, plasrre etched f o r  30 seconds
X 1 ,250
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A d d it io n a l m a te r ia l  i s  p re s e n t on th e  s u r fa c e  o f  th e  egg, w h ite  
s t r u c tu r e s  w h ich  appear e v e n ly  d is t r ib u te d  o v e r th e  zona s u r fa c e .
A t  a g re a te r  m a g n if ic a t io n ,  th e se  s t ru c tu re s  a re  p la in l y  b a c te r ia  
(P la te  4 ,3 .6 ) .  Both b a c i l l i  and c o c c i a re  a p p a re n t. In  t h i s  
m ic ro g ra p h , th e  change in  s u r fa c e  appearance fro m  th e  to p  o f  th e  egg 
t o  th e  b o tto m  o f  th e  egg is  c le a r e r .
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4 .3 .4  -  DISCUSSION
None o f  th e  v a r io u s  te c h n iq u e s  a v a i la b le  f o r  d e ta i le d  s tu d y  
o f  m o rp h o lo g ic a l changes o c c u r r in g  in  th e  b o v in e  egg d u r in g  deve lopm ent 
can be used to  d e f in e  p r e c is e ly  what c o n s t i tu te s  a v ia b le  e nb ryo .
A t  p re s e n t,  th e  o n ly  way to  do t h i s  i s  to  t r a n s f e r  th e  eiTbryo to  a 
r e c ip ie n t  u te ru s  and m o n ito r  i t s  f u r t h e r  deve lopm ent u n t i l  p regnancy 
i s  w e l l  e s ta b lis h e d .  The use  o f  embiyo re c o v e ry  as a t e s t  o f  o v id u c t  
fu n c t io n  re q u ire s  th a t  th e  embr\/os c o l le c te d  can be id e n t i f ie d  as 
no rm a l o r  abnorm a l. The s tu d ie s  d e s c r ib e d  in  t h i s  s e c t io n  have 
a tte m p te d  to  examine th e  b ov ine  egg u s in g  b o th  th e  l i g h t  and th e  
s c a n n in g  e le c tr o n  m icroscope  (SEM).
I n i t i a l l y  v a r io u s  te c h n ic a l problem s were e n co u n te re d . In  
th e  l i g h t  m icroscope  s tu d ie s ,  th e se  were m a in ly  due to  in e x p e r ie n c e  
i n  h a n d lin g  and t r a n s f e r r in g  th e  en-bryos. However, th e  use o f  a 
P a s te u r  p ip e t t e ,  p u l le d  o v e r a fla m e  to  a d ia m e te r j u s t  g re a te r  th a n  
t h a t  o f  th e  egg, and c o n t r o l le d  by mouth s u c t io n ,  gave e x c e l le n t  
r e s u l t s .  T h is  was p a r t i c u la r l y  im p o r ta n t d u r in g  th e  SEM w o rk , s in c e  
th e  eggs were t r a n s fe r r e d  in t o  d rops o f  f l u i d  on t i n y  c o v e r s l ip s  
and any excess f l u i d  p ip e t te d  re s u lte d  in  t h e i r  b e in g  washed away.
The a dhes ive  p ro p e r t ie s  o f  p o ly - 1 - ly s in e  were a m a jo r  advan tage , 
s in c e  subsequent p ro c e s s in g  o f  th e  embryos c o u ld  th e n  be c a r r ie d  o u t 
w h i le  th e y  were f i n n l y  s tu c k  to  g la s s  c o v e r s l i p s .
In  t h i s  s tu d y  e x a m in a tio n  unde r th e  l i g h t  m icroscope  was 
used to  d e te rm in e  w h e th e r o r  n o t th e  eggs had been f e r t i l i s e d .
E v id en ce  o f  f e r t i l i s a t i o n  was ta ke n  as c leavage  p ro d u c in g  compact 
s y m m e tr ic a l b la s to m e re s , w ith  no ev idence  o f  d e g e n e ra tio n  in s id e  th e  
zona p e l lu c id a .  Hoivever, i t  i s  acknow ledged t h a t  th e  f ra g r re n ta t io n
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which occurs in infertile eggs may superficially resemble cleavage 
[Austin, 1961; Church and Shea. 1976), This is of particular
relevance during the early stages of development when the dividing 
blastomeres may be unequal in size, and easily mistakenly identified 
as fragmenting eggs instead of fertile eggs. It has been suggested 
that where any confusion exists special staining techniques can be 
used to identify the nuclei of the blastomeres, and also the 
penetrating sperm head [Bedford, 1971). In this study the eggs were
collected at day 4, 5, or 7. At this time many of the eggs collected 
were at the 8 or IG-cell stage. Under the light microscope there 
was no sign of degenerative changes in any of the eggs examined in 
this thesis (Plates 4,3.1 and 4.3.2),
The use ofthe SEM to examine the detailed surface of the 
zona pellucida has produced several interesting observations. The 
zona surface of the infertile egg shown in Plates 4.3,3 and 4.3.4 
appears much folded with regular rugae. It is difficult to be 
certain if this configeration has been produced by the fixatives used 
in processing the egg for the SEM, However, since the overall 
topography of the egg, that is, its shape and size appears normal, 
this would seem unlikely. It may be that the presence of these 
rugae in vivo help spermatozoa penetration at fertilisation by 
guiding the sperm heads into the bases of the folds. The micrograph 
of the blastocyst (Plates 4.3,5 and 4.3,6) shows a different appearance 
of the zona surface. No regular configerations are visible, but the 
surface is rough and appears porous. This appearance is similar to 
the observations of Flechon and Renard (1978) of the zona pellucida 
of the cow blastocyst. The blastocyst in Plate 4.3,5 can be seen to
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be relatively larger, conpared to the infertile egg in Plate 4.3.3,
It seems logical to suggest that the zona pellucida has expanded and 
thus the rugae present in the early stages have been flattened out. 
However, it is difficult to be certain with this sarrple, since marked 
distortion occurred during fixation and it must be borne in mind that 
any subsequent observations may be due to this. In Plates 4,3.3 and 
4.3,5-contaminants can be seen on the surface of the eggs. These 
findings agree with those of Flechon and Renard (1976) who suggested 
that the zona surface was viscous and adhesive, so allowing extraneous 
material to stick. The use of a Millipore filter to remove any 
debris from the fixative solutions immediately prior to their use could 
prove helpful in overcoming this problem.
The use of a reactive oxygen plasma as a means of removing 
the surface layers of the egg was also investigated. A limited amount 
of material was subjected to this technique. Plates 4.3.7 and 4.3,6 
demonstrate that a change has occurred on the surface of the infertile 
egg. The oxygen plasma has apparently 'etched' the folds from the 
lower area of the egg, leaving a very much smoother surface. However, 
a longer period of 'etching' appears to be necessary before the zona 
pellucida is completely removed. Two modifications of this technique 
may be useful for future use. Firstly, the use of a carbon coating 
over the egg would permit sequential observations under the scanning 
electron microscope during the etching procedure. Since the reactive 
oxygen plasma produces a total ashing effect on carbon particles, the 
egg could be recoated prior to re-examination (Humphr'eys and Henk,
1979). Secondly, the zona pellucida could be removed by micromani -
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pulation from the fresh eggs which could then be fixed [Willadsen, 1980), 
Examination under the SEN after carbon coating, would reveal the surface 
of the blastomeres. Subsequent treatment with a reactive oxygen plasma 
could be accurately timed to allow identification of cell organelles 
(Humphreys and Henk, 1979).
An interesting observation has been the presence of a number 
of types of bacteria on the surface of the infertile egg in Plates 
4.3.7 and 4.3.8. Other worker's have noticed that certain bacteria 
(Escherichia coli) can grow in the fixative used in these studies.
These same workers routinely Millipore filter all fixatives before 
use (Ziomsk, 1961), ' However, in these studies, the bacteria present 
at the egg surface are a variety of different types, both cocci and 
various sizes of bacilli being evident. Also other smaller particles 
are evident. Identification of these bacteria was not attempted in 
these preliminary srudies. However, these sfraller particles could 
be virions or mycoplasma. The fixative used in these studies was 
not Millipore filtered prior to use. However, not all of the eggs 
stored in the sarre fixative had bacteria adhering to their surfaces. 
Another source of contamination could have been the plasma chemistry 
unit. This also seems unlikely since several eggs were placed in 
the unit and only a proportion demonstrated bacterial contamination. 
Another possible explanation of this contamination could be that 
bacteria may have been present in the oviduct or uterus of the cow.
This is impossible to ascertain without further controlled studies. 
Direct surgical collection of eggs from the oviduct using aseptic 
techniques would be one method of attempting to determine whether or 
not this was the case. Non-surgical collection is a procedure where
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i t  is  d i f f i c u l t  to  ensure cofTplete s t e r i l i t y .  To o f fs e t  th is ,  
w orkers use s t e r i l e  recovery medium w ith  added broad spectrum  
a n t ib io t ic s .  The apparent adhesive p ro p e rtie s  o f th e  bovine zona 
p e llu c id a  and ease w ith  which b a c te r ia  s t ic k  to  th is  su rface  re a ff irm s  
th e  necess ity  f o r  t h is .  The f in d in g  o f b a c te r ia  associated  w ith  
some o f the  eggs examined during these s tu d ies  is  an area worthy o f  
fu r t h e r  in v e s t ig a t io n .
These preliminary studies have shown that more detailed 
information on the morphology of the embry/o may be gained by use of 
the scanning electron microscope. The procedure used for fixation 
and processing was relatively simple to perform and not time consuming. 
However, many more samples need to be examined before the significance 
of the observations can be established. More information on the 
ability of the embryo to continue development may be gained by 
observation of the cell organelles. A reactive oxygen plasma 
would appear a suitable method of progressively etching the surface 
of the entDiyo, such that the cell organelles become visible. These 
techniques, although at the research level initially, may ultimately 
provide information for workers involved both with infertile cows, 
and in commercial embryo transfer work. The current controversy 
over the morphology of viable eggs re "'emphasizes the need for 




Passage of the ovum from the ovary to the site of 
fertilisation, and from there of the zygote to the uterus is an 
extremely involved process. It involves morphological, physiological 
and endocrinological changes. These changes occur within the 
oviduct itself and also in the brain and other regions of the 
reproductive tract. Therefore a test for clinical evaluation of 
the oviduct in infertile cows should, if possible, test the normality 
of these changes which are necessary if pregnancy is to be achieved.
Certain aspects of the procedure can be investigated by 
testing the patency of the oviducts. The form of PSP dye test 
eventually devised from studies carried out in this thesis, appears 
to be accurate in the diagnosis of unilaterally or bilaterally blocked 
oviducts. This knowledge is of value as a means of reducing the 
time cows with blocked oviducts are kept, so decreasing the cost cf 
feeding, and further veterinary investigation. The equipment 
necessary to carry out this dye test is easy to obtain, and with 
practice, the procedure should be within the capabilities of most 
large animal veterinary surgeons. The diagnosis of occlusion involves 
time since a series of urine sarrples over a period of GO minutes 
must be collected. However, a number of animals can be tested on 
one farm at one visit. Nevertheless the dye test only indicates 
that the oviducts are fully or partially patent to a fluid injection.
The work carried out on slaughterhouse samples using a 
suspension of pollen grains suggests that a significant number of
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animals which give positive results to a dye test may not in fact 
have oviducts sufficiently patent to allow passage of the bovine 
ovum. Other workers have shown that septal adhesions may exist, 
sufficient to prevent the passage of the ovum, while allowing the 
passage of fluid (Dawson, 1958, 1964a). Diagnosis of the degree cf 
narrowing is not possible in the living animal using pollen grains 
in a similar manner to the dye. However, the theory behind the 
starch grain test where grains of varying diameter are injected around 
the ovary and subsequently collected by vaginal flushings, may have 
a place in further studies. Workers involved with this test have 
noticed that generally only starch grains of a small diameter are 
recovered from the anterior vagina (Kessy and Noakes, 1979). This 
may be associated with degradation of the grains in their passage down 
the reproductive tract, rather than with a narrowing or partial occlusion 
of the oviduct. An alternative technique may be the use of a pollen 
grain suspension in a similar manner since it is less likely that the 
pollen grains would undergo reduction in size. However, difficulties 
would be encountered in the detection of the pollen grains in the 
vaginal washings. This could be overcome by staining the grains, 
for exanple, with PSP dye. This test would provide information on 
the ability of the finrtiria to harvest the'pollen grains, of the oviduct 
to transport particles to the uterus and on the subsequent passage of 
the grains to the anterior vagina. It may be possible to use the 
well-established techniques of non-surgical egg recovery to collect 
the pollen grains directly from the uterus, if difficulties were 
encountered in their collection from the vagina.
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However, a major advantage of the dye test is that in a 
number of animals it may remove debris and break down adhesions present 
in the oviduct. Therefore the routine use of the dye test in 
infertile cows as a therapeutic treatment, as well as a diagnostic aid, 
may be of benefit.
Another aspect which requires further investigation is the 
occurrence of cervical backflow of dye which occurred in several 
animals, when dye was instilled into the uterine body without the use 
of an inflated cuff. Whether this is of any significance is difficult 
to say since some workers claim that a proportion of pluriparous cows 
have a degree of dilation of the cervix even in dioestrus (Arthur, 
1375). However, the possibility of infection gaining entry to the 
uterus by this means may result in reduction in fertility in such 
animals.
Cervical backflow of dye has also been recorded by other 
workers, using the dye test as described by Kothari et al (1978) when 
the test was carried out at oestrus, producing a high incidence of 
false negative results (Kessy and Noakes, 1973), This is in 
disagreement with the findings in this thesis and of others (Kothari 
et al, 1978). Oestrus is the desirable time to carry out this test, 
both in terns of the degree of dilation of the cervix and the ability 
of the uterus to withstand infection. Further studies directed 
towarcis elucidating this problem could involve the use of super- 
ovulated animals, since some of the changes occurring around oestrus 
in the normal cow tend to be increased in superovulated animals.
Kessy and Noakes (1979) suggested that their false negative results
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might have been due to increased oedema present around the uterotubal 
junction, or to a "tubal locking" effect within the oviduct itself. 
These changes precipitated by increased oestrogen levels should be 
compounded in the superovulated animal. If this was the case, 
negative results to the dye test would occur in all superovulated cows 
tested at oestrus.
The precise role of the uterotubal junction (UTJ) in the cow 
remains to be determined. Studies carried out in this thesis 
suggested that a proportion of the pollen grains, in the slaughterhouse 
samples, were being stopped at the UT9, and could only be pushed 
forwai'xi by marked increases in pressure, It is dangerous to infer 
changes observed in post-mortem specimens with what may be happening 
in the living animal. However, the use of betamimetic drugs, in vivo, 
specifically to cause uterine relaxation may be a means of elucidating 
the degree of constriction exerted at the UT9 to substances passing 
from the uterus into the oviduct.
An important aspect to be considered when PSP dye is used 
to assess oviduct patency is that no infonration is available as to 
whether or not the dye is excreted in the milk of lactating cows.
Since a high proportion of repeat breeders are dairy cows, the PSP 
dye test would be required in lactating animals [Boyd and Reed, 13513. 
If it være found necessary to withhold milk from, cows under test, 
due to contamination with dye, this would greatly increase the cost and 
inconvenience of carrying out the procedure. This aspect requires 
further investigation.
The degree of patency, whether to fluid or particles, is only
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□ne component of the oviduct’s role in the establishment of a pregnancy. 
In addition, the environment of the oviduct is involved both in 
capacitation of sperm prior to fertilisation and in the development 
of the zygote before it enters the uterus. These studies have 
investigated superovulation and egg recovery as a means of monitoring 
oviduct function. The finding of a fertilised egg in the uterus 
indicates that growth of the follicle, ovulation, transport of sperm, 
transport of ovum, fertilisation, and passage of the zygote to the 
uterus have all proceeded. The eggs that are produced, however, must 
be normal. The use of superovulatory drugs to produce multiple 
ovulations has advantages and disadvantages. It is easier to collect 
eggs from the uterus where there are a large number of eggs present, 
as opposed to only one. In addition, both oviducts can be tested at 
one treatment period. However, the variation in response to 
superovulatory drugs may be the limiting factor in using this technique. 
Some workers have recorded that overstimulation of the ovarian response 
appears to produce an increase in the nuker of abnormal eggs produced 
(Boland et al, 1978), This may be due to the markedly increased 
levels of gonadal steroids produced by the superovulatory response.
These studies were a prelimanary attempt to find a dose regime, and 
timing of egg collection suitable for the assessment of oviduct function. 
Ideally what is required is an ovarian response producing enough eggs 
to enable at least a proportion of them to be collected, but not so 
many that the morphology of the eggs could be affected by the super- 
ovulation treatment. In the biological situation, this is extremely 
difficult to manipulate. The results of this small study showed a
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marked variation in response among cows to the same dose of PMSG. 
Future studies using other drugs such as HMD or FSH require to be 
undertaken in an attempt to find more consistent results.
Having established a regime likely to produce a reasonable 
increase in the number of eggs produced, examination of the eggs must 
be undertaken to determine that such conditions can produce normal 
eggs. One method which could be tried is to maintain the eggs in a 
suitable culture medium and monitor their development (Trounson et al, 
1976). One effect of this technique which has been noticed by 
workers in the field of commercial embryo transfer, is that a 
'cremated' errbryo will frequently have an inproved, more symmetrical 
appearance after several hours in culture (Coulthard, 1961), Another 
method is by the use of light microscopic aids to detect any obvious 
morphological abnormality (Churcir and Shea, 1976; Linares and King,
1980), These techniques have the disadvantage that many eggs which 
develop normally and appear morphologically normal, may fail to 
establish a pregnancy when transplanted into a bovine uterus. 
Conversely, many eggs discarded as abnormal may have gone on to 
maintain a pregnancy after transfer.
The studies undertaken were a preliminary investigation of 
the morphology of bovine eggs using the scanning electron microscope. 
Further work to clarify the normal appearance of certain features on 
the egg surface is necessary, A regime where eggs which appeared 
morphologically similar under the light microscope were subjected 
either to scanning electron microscopy or to errbryo transfer and the 
results compared, could be of benefit. The use of a rtsactive oxygen
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plasma to remove progressively the surface layers of the egg, 
eventually revealing cell organelles such as the mitachondria, may 
reveal ultrastructural differences in viable and non-viable eggs.
Day 12"16 entiryos have been shown to develop into normal foetuses after 
biopsy CHare, Singh, Betteridge, Eaglesome, Randall and Mitchell, 1978). 
Use of a similar technique may enable a section of the embryo to be 
processed and examined by the scanning electron microscope and reactive 
oxygen plasma, with the remaining material used for errbryo transfer.
An interesting aspect of the scanning, electron microscope 
work has been the finding of various types of bacteria adhering to 
the egg surface in some cases. The significance of this is not known 
until further controlled experiments are carried out. However, the 
possibility remains that the presence of these bacteria may be a result 
of infection occurring in the oviduct or the uterus of the donor animal. 
The implications of this in either causing damage to the egg, and so 
impeding fertilisation, or to the transfer of infection to the recipient, 
are grave. In commercial egg transfer, the recovery medium contains 
antibiotics which may act on the bacteria prior to transplantation of 
the egg into a recipient. However, the presence of s'maller organisms 
on the egg surface, which may or may not be virions or mycoplasma, 
could be important, Horkers have recorded a higher incidence of 
mycoplasma present in' the oviducts of infertile cows as compared to 
noiTpal cows (Hoare, 1969). In tlie human field, some mycoplasma have 
been shown to have a marked detrimental effect on the motility of the 
oviductal cilia CMardh, Westrcm, von Mecklenburg and Hanrrvar, 1976), 
Antibiotics are not effective against viruses, and the type of anti­
176
biotic comronly added to recovery media Cpenici11in/streptomycin) is 
not effective against mycoplasma. As stated previously, further 
controlled experiments are necessary to clarify the significance of 
these findings.
These studies have highlighted the many areas concerning the 
role of the oviduct in infertile cows, which require further investi­
gation, The function of the UT3, the aetiology of conditions which 
may produce narrowing or partial occlusion of the oviducts, and the 
examination of the eggs recovered from apparently unproductive cows, 
are all areas for further study resulting in an increase of our 
knowledge of infertility in cattle.
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